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' ' The ancient Jews used to say, that a man does not fulfil his 
duties in life, who passes through it, without building a house, 
planting a tree, and leaving a child behind him. A physician, in 
like manner, should consider his obligations to his profession 
and society undischarged, who has not attempted to lessen the 
number of incurable diseases." 

Benjamin Rush in Medical Inquiries and Observations. 
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PREFACE 



It has long been our intention to writ« & short treatise on the 
specific treatment of tuberculosis, which should deal with the 
practical application of tubercle bacillus-products more fully 
than was possible in our coutributious to medical literature and 
in our periodical reports from the Winyah yanatorium. Such 
a book, which should present the collective results of our ex- 
perience extending over many years, has often been asked for 
by our friends; but in the past we could respond to many in- 
sistent requests only with promises, the fullilment of which 
were conditional on time and opportunity. 

lu preparing a second report from our Research Laboratory, 
on our studies in prophylactic vaccination against tuberculosis, 
it became necessary to include the therapeutic results which 
have been obtained with our vaccine, in infected and tubercu- 
lous children, since tbe first report was published in 1912. 
When the manuscript of this second report was completed, the 
opportunity for carrying out our intentions, and complying 
with our promises, appeared to be favorable, since this report 
could serve, with some additions, as a practical basis for the 
consideration of the entire subject. 

A chapter on immunity and on the application of its prin- 
ciples for the elucidation of practical questions in tuberculosis 
thus became necessary. We have, however, entered into the 
subject only so far as we deemed it essential to enable general 
practitioners to follow us, who have not pursued special stud- 
ies in immunity. We have endeavored to discuss the subject 
in as simple a manner as possible, and have purposely re- 
frained from entering into the more intricate biological prob- 
lems which concern the laboratory worker rather than the 
practising physician; for the same reason we have not hesi- 
tated to make frequent repetitions wherever they served to 
explain the subjects under discussion more fully. Those who 
are well versed in immunology and examine our treatise criti- 
cally, should bear in mind our object, which was to aid the 
general practitioner to understand and apply, in his own prac- 
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tise, the principles which govern the artificial production of 
bacteriolytic immunity in tuberculosis. 

We were guided by similar considerations in our treatment 
of many practical questions. In discussing the selection of 
cases which are suitable for specific treatment, the limitations 
of benefits to be expected from it, the analysis of symptoms, 
etc., we had in mind the general practitioner who lacks the 
large experience and wide opportunities of those who limit 
their practise to the treatment of tuberculous disease. 

The subject of tuberculin was discussed before the American 
Medical Association for the first time at its Washington meet- 
ing in 1891. Diametrically opposed clinical results were then 
reported and admitted by those who took part in the discus- 
sion ; and the failures and dangers, which had been noted, were 
urged against the further employment of this remedy. At that 
time, one of us closed his remarks with words of caution against 
forming hasty conclusions, insisting that, inasmuch as unques- 
tionable benefits had been shown as well as failures, the proper 
course would be to continue the study of the remedy, with a 
view of selecting cases, in the future, in which all conditions 
appeared to be equal to those in which the favorable results 
had been observed, as far as it was possible to determine tliem 
beforehand. 

This manifestly logical attitude has governed us ever since 
in our clinical use of specific products of the tubercle bacillus. 
Our observations have fully justified it and have encouraged us 
to persist in our studies and investigations. 

The pessimism which had developed then, and which became 
more intense with succeeding years, for a long time left us 
practically alone in our open advocacy of the specific treatment 
of tuberculosis. The clinical results, which we could urge in 
its favor, were either ignored or they were attributed to the 
dietetic and hygienic measures and to the institutional care 
which were necessarily associated in the treatment of our pa- 
tients. The inade<iuacy of these general measures in the treat- 
ment of disease is, however, generally recognized and was re- 
cently emphasized by Professor Kocher, when he declared that 
''it would not be a good sign for the medical teacher and in- 
vestigatory if he knew nothing tetter for the treatment or for 
the cure of disease, which after all form the essence of our 



calling, than 'atr. water, rest, and good food' — thirigs which 
are useful for everybody." It goes witlioiit saying that we 
acknowledge the iit'cessity of these goneral methods as self- 
evident; but we hold that the far-reaehing therapeutic Eihiliam, 
which still prevails and which has let it hecome almost a dogma 
that tuberculosis must be treated with "air, wat«r, rest and 
good food" and that aetive remedial measures are of compara- 
tively slight value or negligible, is to be deprecated if it ex- 
cludes the administration of drugs or of specific remedies that 
may be of benefit to the patients.' The possibility of influencing 
the tuberculous, and also the associated pathological processes 
favorably by suitable specific remedies, has been established 
firmly, and it may be condemned almost as much, to withhold 
specific treatment from a tuberculous patient who might bene- 
fit from it, as it is to treat a case of diphtheria without anti- 
toxin. 

The general measures have been employed in a world-wide 
crusade against tuberenloeia with a' view to its delimitation and 
prevention, although at best they can have only a general 
effect and cannot secure any specific protection against tubercu- 
lous disease. These general measurcK are applied both in treat- 
ment and in prophylaxis on the theoretical assumption thai 
their enforcement will strengthen the organism against the 
pathogenic action of the tubercle bacillus. Yet, in dealing with 
the tuberculosis problem in all its phases, it is not permissible 
to have recourse solely to theory. We may agree theoretically 
with Sir James Grant, that "wash and be clean is actually the 
sum and substance of sanitaiy science"; but we submit that 
medical science has more specific tasks to fulfil, and that the 
concrete ease of disease cannot be treated exclusively by put- 
ting into practise the (hcorema of sanitary science, but that 
it demands concrete measures. For the same reason we affirm 
that the theoretical basis for the general dietetic, hygienic and 
climatic treatment and prevention of tuberculous disease is not 
sufficient to justify us in limiting our Iherapeutie and prophy- 
lactic efforts to these general measures, and we claim that every 
other means, which enables us to hasten the recovery of the 
individual patient and to protect the exposed individual against 
the consequences of infection, is justified and proper. 

The efforts of the Tuberculosis Crusade are intended (1) to 



X PREFACE 

protect normal persons, especially childreo, against exposure 
to infection, and also against its consequences; (2) to arrest 
and cure early cases of tuberculous disease, before they become 
open and constitute sources of danger for others. 

In urging specific prophylactic immunizatiou against tubercu- 
losis, Kramer compares the past aud preseut efforts of the anti- 
tuberculosis crusade to lighting the smoke instead of the tire, 
and other authors have expressed even more condemnatory 
opinions of its methods. In spite of the insistent and sweeping 
criticisms which have been leveled against it in recent years, 
we believe that the campaign has been productive of much 
good, although we recognize fully that its greatest activities 
were necessarily directed against results rather than causes. 
We insist, however, that the power for good of this great move- 
ment could be much augmented by directing its efiforts delib- 
erately against the cause of tuberculous disease through spe- 
cific protective immunization. In this event it would not be 
necessary to invoke the impossible I'topia of a "tubercle bacil- 
Iu8-/re6" generation as a desideratum, for this could fall before 
the first onslaught of a stray-infection which might develop 
by adaptation of any acid-fast bacillus to the human and animal 
organisms. On the contrary, it would tend to render present 
and coming generations tubercle bacillus- re. ti^taii', and to pro- 
tect them against the pathogenic action of the bacillus. 

The best way to fight a universal bacterial danger is not 
by running away from it, even if it were possible; but rather 
by acquiring the necessary specific protection through which 
the bacterial infection can be limited and rendered harmless. 
In this manner the struggle against smallpox was won, and its 
application to the prophylaxis against typhoid fever and diph- 
theria has recently been undertaken with full justice. In the 
same manner only can we hope to be successful in the crusade 
against tuberculosis. 

Under ordinary circumstances the efforts of the tuberculosis 
crusade cannot bear appreciable fruit for many years; but we 
are convinced personally that its object could be attained with 
greater rapidity, certainty and uniformily by a general appli- 
cation of the method of specific prophylactic immunization 
proposed by us. We can see no reasonable objection to this, 
especially if the general measures are continued as we nat- 



iirally would expect them to be. In our own and in the 
experience of others, the results of immuniz&tioD with our vae- 
eine, in individuals who were already infected, were remark- 
ably uniform, consisting in general improvement and in the dis- 
appearance of signs and Bymptoms of the disease, which had 
been present before the method was applied. There being ap- 
parently no danger connected with the administration of a 
suitable vaccine, it is not necessary, for its adoption, to await 
the concurrence or approval of all interested. This was not 
done in the case of vaccination against smallpox, against ty- 
phoid fever and against other infectious diseases; nor even in 
the application of passive immunization against diphtheria, all 
of which methods encountered objections and opposition. 

In the pursuit of our researches and experiments, we have 
never been oblivious of the fact that conditions in the labora- 
tory and in the clinic often differ widely, and we have there- 
fore never advanced conclusions, based upon the results of 
our experiments, which did not appear to be supported by 
practical observations of our own, and by those of other ex- 
perienced clinicians. At all times our aim was to improve the 
available methods of curing tuberculous disease, and fully as 
much to find a means for its prevention, even though we real- 
ized that these means might not be proved and vindicated im- 
mediately. 

In referring to our own work, in the specific treatment and, 
more particularly, in the specific prophylactic vaccination 
against tuberculosis, we find it necessary to correct a mistaken 
impression which seems to have been fostered widely, namely, 
that our method rests upon a purely theoretical basis and 
that it was developed entirely on the ground of animal experi- 
mentation. This is an error. The impetus for our experimen- 
tal work was supplied by long-continued clinical observations, 
and its results were invariably controlled and verified by clin- 
ical tests. Our method was published only after it had been 
proved effective and free from danger in a large number of 
individuals. 

The fact that certain authors have not succeeded in similar 
experiments, does not prove ours to be at fault. Like in other 
endeavors, success depends upon special experience and skill. 
and it is indispensable that the condilions under which parallel 



esperiraents are made must be equal. In testing the resistance 
to an iufection, it is. for instance, not permissible to employ the 
virus in a tenfold infectious dose as was done by one esperi- 
menter, or to make the experiment upon diseased animals. The 
truism that a. positive result by far outweighs numerous nega- 
tive results in importance, applies with particular force in the 
interpretation of observations of those who lack in special ex- 
perience or who conduct their investigations under the influence 
of pronounced skepticism or of personal bias. 

Inasmuch as it is the results from the practical employment 
of a method that must ultimately constitute the deciding fac- 
tor in establishing its value in the human subject, regardless of 
the outcome of experiments upon animals, it is within the reach 
of every clinician to form his own conclusions in regard to the 
one proposed by us, since the administration of the vaccine has 
been found safe in our own hands and in those of many others. 
As it has been found equally reliable with tuberculin for diag- 
nostic purposes, the importance and value of which are generally 
acknowledged, the clinician can readily determine the correctness 
or otherwise of our observations that, when this test is made 
with a suitable vaccine, which contains the body-substancea of 
the specific bacillus in proper proportions and in solution, not 
only does a reaction occur in the infected and tuberculous 
organisms, but a complete immunizing response is activated at 
the same time, which becomes manifest, in suitable cases, by 
the rapid disappearance of the clinical signs and symptoms 
of a preceding infection, whereas this immunization is 
not produced when the diagnostic test is made with tuber- 
culin. 

Our experiences in this direction can be verified to particular 
advantage by applying the test in children in institutions, in 
which it is desirable to find the tuberculous or the infected in- 
mates, for the purpose of eliminating possible sources of in- 
fection, and also of restoring subnormal children to health. 
Such institutional studies are of the greater value, because 
the vaccinated children can be kept under continued and pro- 
longed observation. While it is true that clinical investigation 
requires more time and more extended study than animal ex- 
perimentation, it must he admitted that the prospect of estab- 
lishing an effective method of prophylactic vaccination against 
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tuberculosis justifies any trouble and sacrifice that may be 
called for. 

In citing literary references in connection with the various 
problems which we discuss in our book, we have made use 
only of those writings which have a direct bearing upon our 
work. As this work had a specific and sharply defined aim, 
and we desired to submit its results to the medical profession, 
it could not serve any particular purpose to enter into the lit- 
erature more extensively than we have done. 

We do not wish to send out this volume on its mission of serv- 
ice to the practising physician, without making proper acknowl- 
edgment to all our coworkers in the Winyah Sanatorium, in 
the Laboratory and in the Library, whose devotion to our re- 
searches, and whose unfailing enthusiasm in the face of many 
difficulties and discouragements, have aided us in collecting and 
applying our experiences, in drawing useful inferences and in 
preparing the present volume. 

Asheville, N. C, March, 1916. The Authors. 
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PART I 
THEORETICAL CONSIDERATIONS 



CHAPTER I 

INTRODUCTION. THE TUBERCULOSIS PROBLEM 

When with the discovery of the tuberele bacillus as the 
primary cause of tuberculosis, in 1882, the last link in the 
chain of evidence bad been forged, which had received such 
liignal contribution and support by the investigations of Yille- 
min (1865) and which definitely proved the infectious nature 
of tuberculosis, the problem that yet remained to be solved 
appeared to be simple. Since tuberculosis was shown to be 
an infectious disease, caused by a definite microorganism, the 
bacillus of tuberculosis, which could be transmitted from per- 
son to person, it seemed only necessary to destroy this bacillus 
and to eradicate it in order to suppress tuberculous disease. 
But this same ta.sk, the accomplishment of which was under- 
taken by investigators in all civilized countries, soon proved 
to be far more formidable than had been anticipated and, in 
fact, impossible of accomplishment. With the growing knowl- 
edge concerning the mechanism and effect of tuberculous in- 
fection, and concerning the establishment of tuberculous dis- 
ease, especially phthisis, as well as the development of tubercu- 
losis-immunity, it was found that infection with the tubercle 
bacillus constitutes only one factor in the etiology of tubercu- 
losis and that many other agencies contribute in bringing it 
about. As some of these factors are intimately connected with 
environment in the widest meaning of the term, the efforts 
directed against the tubercle bacillus and against tuberculosis 
had to become more comprehensive and more generally educa- 
tional; they needed to include the betterment of social eco- 
nomic conditions of the poor and of the laboring classes for 
the purpose of securing a better obedience to the laws of gen- 
eral and personal hygiene; they also had to be extended so as 
to secure the cooperation of the tuberculous and of their fam- 
ilies in attempting the destruction and disinfection of tubercu- 
lous material, and in otherwise limiting the various sources of 
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Tbe KaectzSe side of tnbercnlosis-stadies had rmeiTed atten- 
*jfx. in ip^eial publications, especially the ^'Eiitdes expfrwneii- 
tc^ et cZimupus sur 2a Tubermlast.** of which three Ttdumes 
**?* ptibLiabed. between 1SS7 and 1S92, under the dii^ection of 
Ir^^Apisvfx Vem^nil : also in the transaoticms of the four French 
v*r>irrilc#ii9 ^ocgresses ISSS : 1S91 : 1S?3 : 1S9S' . and of course 
h: •!:.* !r*i»rfi<^I litcramre of all countries. 

la "kA T.»*an*inie the sanatorium idea, initiated more particu- 
JkriT hy ?»i:nsron in England and by Ilernnann Brehmer in 
0*rr.Ar.7. had OT<:r*?onie the objtvtions whioh had at first been 
r^ivid a^inAt it and under which both those pioneers had suf- 
Ifit^A y>rftT^lj. and it had obtained a firm foothold. Detweiler, 
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a former assistant of Brehmer, who had recovered from tubercu- 
losis in the latter's institution in Gorbersdorf, had founded 
the sanatorium Falkeustein (1S76) in the climatically ideal 
Taunns, and also the first sanatorium for the poor, in Eupperts- 
hain (1891), As early as May, 1884, a committee of the Dok- 
toren Collegium in Vienna had, at the instance of Professor v. 
Schriitter, memorialized the Austrian Government and the city 
authorities of Vienna, asking them to establish and maintain, 
in the neighborhood of the city, a large tuberculosis-sanato- 
rium in which the very considerable tuberculous portion of the 
hoepitalized population of that city (about 3,300 per annum) 
might receive the benefit of open-air treatment and might in- 
cidentally supply the clinical material for scientific studies and 
researches '. Although the city of Vienna did not then act 
upon this suggestion ou account of the very considerable ex- 
pense involved in the project, an association, Vbbbin Heilan- 
STALT Alland, wbs foundod privately, which had for its pur- 
pose the founding and maintenance of a climatic station for 
tuberculous patients. This association received official sanc- 
tion on August 10, 1890, but did not succeed in carrying out 
its program for a number of years. 

Following the foundation of the French League against Tu- 
berculosis through Professor Armaingaud in 1891, similar asso- 
ciations were founded in the United States, in Belgium, in Ger- 
many and elsewhere, which had the purpose of popularizing the 
practical lessons to be learned from scientific research, to teaeh 
people that tuberculosis is communicated by direct infection 
and is therefore preventable, and that its progress and ill-effecta 
can be alleviated, if not entirely prevented, by proper living and 
especially by open air-treatment. The idea which Professor v, 
Sehrotter had attempted to realize in 1884, viz., that the con- 
sumptive poor should be cared for in sanatoria and that in 
These institutions the disease, but more particularly its prophy- 
laxis, should bo studied, received a new impetus when he made 
the proposition to the fourth French Tuberculosis Congress, that 
it should appoint an international and permanent committee 
for the study, and principally for the prevention of tuberculosis. 
In Germany, a Central Committee had been organized in 
' V. ScaBoiTEB. C. B. Congr^ pour 1 'Etude de Id Taberciilose. 4e session. 
—1898. ParU, 1898; p. 19a. 
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1895 for the purpose of erecting and maintaining sanatoria for 
consumptives, in which they might derive the benefits from 
dietetic and climatic (open-air) treatment wliieh Brehmer in 
Gorbersdorf and Detweiler in Falkeustein had shown to be 
possible. This Central Committee was to guide and to central- 
ize the work of the many local leagues which had been formed 
throughout the German Empire for the benefit of the consump- 
tive poor and also of the working classes. The work of these 
leagues and of the Central Committee was popular rather than 
scientific, and one iu which the results of scientific research 
were to be put in practise. The Committee therefore decided 
to convene a congress in Berlin, in the spring of 1S99, which 
was to consider the problems of tuberculosia as a disease of the 
masses, its nature, its dangers, and the means for the struggle 
against it, especially its prevention. 

The Berlin Tuberculosis Congress took place in May, 1899. 
It was followed by a similar congress held in Naples, in April, 
1900, and by the British Congress on Tuberculosis, for the pre- 
vention of consumption, held in Loudon in July, 1901. 

At the time when the Berlin Tuberculosis Congress was held, 
sixty public sanatoria were already in operation throughout the 
German Empire, the work of which was greatly assisted and 
facilitated by the far-reaching system of compulsory insurance 
of working people against sickness and incapacity, which is in 
force in that country. By means of this system, the working 
man, when attacked by tuberculosis, has a legal claim on insur- 
ance-funds, for medical treatment and maintenance in his own 
case, and for the support of his family. Thus it comes about 
that he can, without forfeiting in any degree his sense of self- 
respect, procure at once, at the very onset of the malady, treat- 
ment requisite for himself and at the same time maintenance of 
those depending upon him.' 

In England, the hospitalization of consumptives and the 
prophylaxis of the disease were of older origin and had al- 
ready commenced to show results. Between the year 1791, 
when the Royal Sea-Bathing Infirmary for Scrofula was erected 
at Margate, and the year 1886 when the Mildmay Convalescent 

■c(. H. TiMBREU, Bui.STBODE. Report on Sanatoria for UonsnmpUon 
nod eert&in otiier aspects of the TiiberculoaiB QuPHtioD. Lonilon, 1908; 
p. X. 
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Home in Torquay was founded, seventeen other hospitals for 
consumptives had been established and operated and, in his 
memorable London address in 1901, Professor Koch attributed 
the remarkable fall in the tuberculosis death-rate, which had 
taken place in England, to these institutions which have mul- 
tiplied greatly in the last twenty years. Undoubtedly there 
have been other factors of equal importance. It is interesting 
lo note that the "sanatorium idea," i. e.. the treatment of con- 
sumptives in closed institutions in which the greatest possible 
degree of open-air life and of proper, i. e., plain and nutritious 
diet, as well as constant medical supervision is maintained, took 
its inception in the Highlands of Scotland as far back as 1747 
and was developed among others by such men as Bodinglon 
{1840) and MacCormae (1855), the latter of whom was "in- 
timately and entirely convinced that the disastrous and wretched 
malady ... is not only when taken early, very often removable, 
but, what is of still greater importance, that with proper means 
and appliances it is in every single instance preventable." 

In the United States the educational movement, which has 
been notably effective, commenced with the foundation of the 
Pennsylvania Society for the Prevention of Tuberculosis, in 
1892, and made rapid headway ; it is organized in the volun- 
tary associations for the prevention of the disease, which have 
been formed during the last twenty years in all parts of the 
country. WTien the National Association for the Study and 
Prevention op Tuberculosis was founded, which held its first 
annual meeting in Washington, in May, 1905, various stata 
boards of health, municipal departments of health, private in- 
stitutions and local societies had been active in the crusade 
against the disease for several years. 

The meeting of the Sixth International Tuberculosis Congress, 
in Washington, D. C, in 1!)08, afforded a favorable opportunity 
for a survey of existing conditions, and It was found that 195 
associations were in existence in the United States. According 
to the last Tuberculosis Directory, compiled for and published 
by the Mational Asbociation, in 1911, there were at this time 
.500 such societies representing all parts of the country and 
charged with the responsibility of dealing with the problem in 
their respective states and communities. This directory records 
an increase of 178 special institutions for the care of tubercu- 
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lous persons, over the number listed in 1908, with an i 
in capacity of from 14,000 to 26,360 beds. 

In addition to 453 tuberculosis sanatoria and hospitals, and 
338 tuberculosis dispensaries, as well as day camps and night 
camps for adults, the directory lists 69 hospitals for the insane 
and 29 penal institutions which make special provisions for the 
care of tuberculous inmates. There were also 52 open-air 
schools and classes for children being conducted iu 1911, which 
have since then been increased materially. 

All tuberculosis societies in the United States are centered in 
the National Assocution which is in touch with the greater 
crusade through the International Central Bureau at Berlin 
and has, in its annual meetings, given evidence of the great 
and splendid work being done in our country. 

The crusade against tuberculosis, in the United States, owes 
much to the initiative and enthusiasm of Dr. Edward L. Tra- 
deau. The ideas which Brehmer had preached in Germany for 
almost twenty years, namely, that certain cases of pulmonary 
tuberculosis do well iu open-air life, with good and wboleaome 
food and with much rest, had worked well in his own case, and 
he founded, in 1884, the Adirondack Cottage Sanatorium for 
the Treatment of Incipient Tuberculosis in AVorking Men and 
Women, as a semi-eharitable institution, for the purpose of ap- 
plying the same idea in other cases. 

This sanatorium was the first institution of its kind to be 
established in the United States, although "Homes" for con- 
sumptives had been maintained for years in several cities, more 
particularly for the benefit of incurable, indigent consumptives. 
It is of interest to mention in this connection that the belief 
in the benefits to be derived from an open-air life dates back, 
in our country, fo Benjamin Rush, whose "Thoughts upon the 
Cause and Cure of Pulmonary Consumption"* center in this 
idea. In his opinion the open-air life was to be combined with 
a carefully regulated, increasing regimen of exercise. 

The great prevalence of tuberculous disease in its open stage 
and, consequently, the great opportunity for exposure to in- 
fection, led to the idea of the so-called ubiquity of the tubercle 
bacillus, according to which the bacillus is generally prevalent 

' Bghjauin Bush. Medical Inquiries and ObaervatioiiB. Philadelphia, 
2nd editioD, 1805; I., p. 201. 
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~m nature, and contact with it cannot be avoided, TTie erroi' 
of this conception has long been demonstrated; we know that 
Ihe tubercle bacillus cannot propagate outside of the living body 
and that one can speak of "ubiquity" only in the sense that 
the majority of people uome in contact with it some time dur- 
ing their lives. The term is still being employed, however, by 
physicians and medical writers without qualitication, which has 
the tendency to perpetuate the error existing in the popular 
mind. The manner in which the constant and ever-present dan- 
ger of infection was iusinted upon very naturally caused the 
public to believe that this danger refers not only to public 
and private rooms and other closed places occupied or fre- 
quented by phthisical persons who expectorate tubercle bacilli, 
but it was inferred that it exists also in the open air. The 
findings of Cornet, who first demonstrated virulent tubercle 
bacilli in the dust and sweepings in rooms occupied by con- 
sumptives, and those of Fliigge, who showed that tubercle 
bacilli can be discharged on speaking, coughing, sneezing, and 
can float in the air for a short time, were generalized and taken 
to prove that the atmosphere is liable to be contaminated with 
tubercle bacilli and that this contamination is increased in the 
proximity of the abodes of tuberculous subjects. A person in 
any stage of tuberculosis is presumed to endanger others whom 
he passes on the street and who live in adjoining houses or even 
acrass the street, the bacllH being conveyed, supposedly, in the 
air within a certain distance and being apt to infect the passer- 
by, or to invade neighboring dwellings. So fimily has this 
prejudice become established that law courts have attempted 
to regulate the distance from other buildings or dwellings 
within which a hospital, sanatorium or dispensary for tubercu- 
lous patients may be established, and municipalities have at- 
tempted to pass similar regulations in the supposed interest of 
sanitary policy. 

It is our opinion that many of those members of the medical 
profession, who have contributed in engendering this state of 
fear and alarm, have done so in their zea! for promoting the 
cause of prevention, and in their endeavor to cause the meas- 
ures advocated for the eare and disposal of tuberculous se- 
cretions and excretions to be observed more conscientiously. 
When the etiological relation of the tubercle bacillus to ta- 



10 IMlIirXIZATlO.V AGAINST TUBEBCU108I8 

berculosU was eKlabluhed without a doubt, the fact of its 
communicability was preacJied and insisted upon without re- 
gard to (he actual mechanism and modes of infection, and espe- 
cially in the anti-tuberculosis crusade for popular education, the 
public was led to believe that the contagiousness of tuberculosis 
was identical with that of smallpox, diphtheria, scarlet fever 
or inHucnza. It is but natural that supposedly well persons came 
to shun consumptives and to avoid coming in uoutaot with them ; 
it is also natural that they should fear Ihc consequences of 
living in close proximity to the dwellings of consumptives, or 
to institutions for their care and treatment, inferring that 
such a proximity would lead to the infection of the entire neigh- 
borhood. The fear of infection ran riot and went astray to 
such a degree, not only among the laity but also among physi- 
cians, that such peculiar assertions could be made in all serious- 
ness as the one that tubercle bacilli were conveyed from the 
bodies of persons dead of consumption, after burial, and that 
they contaminated the sod and grass of cemeteries ; that they 
were therefore likely to reach the air and to cause infection. 

Having led the public astray by overdrawn teachings and 
statements, the medical profession must now assume the duty 
to correct mistaken ideas and views, to undo the effects of im- 
perfect and one-sided instruction by drawing logical infer- 
ences from the established facts, for the proper guidance of 
the public mind. Above all it is to be insisted upon that all 

ATTEMPTS TO DEHONSTKATE THE PRESENCE OF TUBERCLE BACILLI 
IN THE AIR OUTSIDE OF BUILDINGS OCCUPIED BY PEBSONS WHOSE 
DIHCflARGES CONTAIN THEM, HAVE P.AILED INVARIABLY, there being 

not a single instance on record in which a genuine tubercle 
baeilluH has been found in the open air. 

The fear of the omnipresent danger of infection borders on 
the ludicrous when we consider that tuberculotjis-infection oc- 
curs invariably indoors, in closed rooms and places occupied 
or frequented by consumptives, and that as a rule it occurs 
in early life. Even in such cases the questions of frequency 
and duration of exposure, the number of living tubercle bacilli 
which are inhaled or ingcsled, and the degree of their virulence, 
are of deciding imi>ortance for the actual occurrence of an in- 
fection which leads to disease; further, the fact is to be taken 
into consideration that, of all persona who are infected, only a 
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mutority develop diuiual tuberculosis, which goes to show thai 
the human species pORNeRscs a fair degree of resiatanee to the 
pathogeuie action of the vims of tiihcrculoaia. *' 

Afl for the fear of sanatoria and hospitals in whieh tubercu- 
lous persiona are can-il for, experience has shown that, when 
properly conducted, these institutions are in fact safer to live 
in, as regards the danger of acquiring an infection, than are 
other public places. The patients living in tuberculosis hos- 
pitals and institutions are instructed in, and obliged to observe 
the precautions which are required to prevent their endanger- 
ing others; they are taught how to take care of the infectious 
materials which they discharge and how to make thera innocu- 
ous; the disinfection and sterilization of rooms, linens and 
utensils, etc., is in experienced hands and is carried out con- 
scientiously. It has been established years ago and is being 
verified constantly that physicians, nurses, and also the gen- 
eral employeeH in tuberculosis hospitals and sanatoria do not 
develop tuberculous disease more frequently than is observed 
generally, and that, if a difference of frequency exists, it is in 
fact in their favor. This is recognized by life insurance com- ^ 
paiiies, since they do not usually consider the prospective risks 
to be greater for members of the resident staff and the em- 
ployees of a sanatorium for tuberculous persons than for per- 
sons who are employed otherwise or live elsewhere, or in their 
own homes. While a very few of the companies hold such resi- 
dence to be prejudicial, the majority do not; one of the most 
conservative companies in this country even decided that, other 
things being equal, the risk of medical officers in tuberculosis 
sanatoria is better tlian tliat of the average person. 

If the prcventability of tuberculosis was insisted upon most 
strongly in the crusade for popular education, and if it had. 
among many excellent results, the undesirable effect of de- 
veloping the pbthisiophobia which we have just discussed, and 
of causing consumptives to be regarded almost as criminals 
who are to be shunned, the work of the tuberculosis crusade has 
nevertheless been an important factor in arousing the popular 
mind to the importance of public prophylaxis as an economic 
a.sset. The various lo<-al, national and international leagues and 
associations against tuberculosis or "for the study and pre- 
vention of tuberculosis" have tiecome an immense power for 
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good all over the civilized world, and have contributed parlicii 
larly to the earlier recognition and treatment of the disease. It 
is being realized more and more that, the earlier in the tubercu- 
lous process the diagnosis is made, the better are llie chances 
for a lasting arrestment or even cure. It is further being 
realized more and more, that the bi-st mode of dealing with 
llie tuberculosis problem is by preventing the disease, and in all 
walks of life, in shops, factories, stores, assembly halls, etc., 
means are taken to counteract the evil effects of crowding, 
while in the industries those occupations which notoriously pre- 
dispose to the acquirement of tuberculosis are provided with 
proper appliances for the suitable elimination of the dangerous 
factors, especially the inhalation of dust. 

In these efforts of prevention, the importance of childhood 
prophylaxis is now recognized with particular emphasis, since 
the researches of the last fifteen years have demonstrated the 
fact that the seeds of adult- phthisis are usually laid in child- 
hood, and that the infection with the tubercle bacillus occurs, 
in the majority of cases, during the early years of life. The 
necessity of protecting the children against the acquirement of 
tuberculous disease is therefore very great and is receiving in- 
creasing attention. 

French authors insist particularly upon the importance of 
the receptive soil for infection, and upon the unfavorable in- 
fluence exercised on this soil by over-exertion, environment 
(crowding in unhygienic conditions), and alcoholism, an un- 
holy trinity to which may be added insufficient nutrition. It 
was to these four "principal causes of tuberculosis" that Pro- 
fessor H^rard called the primary attention of the Paris Con- 
gress for Tuberculosis in 1905 in his presidential address.* 

In its practical and general phases, the world-wide warfare 
against tuberculosis might be said to have been instituted with 
the Berlin Congress in 1899, although it had undoubtedly re- 
ceived its impetus through the preceding four French con- 
gresses. It is unique and without a precedent in history, there 
having never before been such concerted and continued action 
to oppose the ravages of any one disease. It has since found its 
counterpart in the crusade against venereal diseases and also 

* H^RAKD. Congr^ international de 1& Tuberciilone, tenu A Paris, du 2 
ail 7 Octobre 190.1. Pariii, 1909; tome I, p. .11. 
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~in that against caucur, the latter of whieh, however, is as yet 
oiiJy in the stage of scientific research, since we have no knowl- 
edge that might guide us in the prevention of cancer. *' 

Unfortunately tlie results of the tuberculosis crusade cannot 
become undeniably manifest for a long time to come, because il 
is directed against effects rather than causes, and voices have 
been raised repeatedly against its mode of action. So Cornet 
and others denied a few years ago that the sanatorium move- 
ment had accomplished any material results in Germany, and 
more recently the justice and value of the present methods of 
fighting tuberculosis in this country have been questioned in- 
sistently. 

One of the authors, who deny the effectiveness of the pres- 
ent methods, collected a mass of statistics bearing on the mor- 
tality from consumption and including a number of cities, in 
the United States, with a total populatioa of about 16,000,000. 
In comparing the mortality statistics from consumption, he 
says, the fact must, of course, be recognized that, as a rule, 
the disease has been diminishing gradually in probably every 
city from its earliest records to the present time, and this long 
before the current preventive measures had been instituted, 
chiefly because of improved general sanitary conditions brought 
about by wise legislation. Little, if anything, was done before 
1894 in regard to preventive measures of the present era, and, 
on comparing the first half of the total records of thirteen cit- 
ies, covering a period of thirty-five years, with the year 1893 
as the central year, this first period (1875-1893) is taken to 
demonstrate the rate of diminution in the ante-prevention pe- 
riod, that is, what the author calls the "normal rate of de- 
crease," while the second half (1894-1912) covers the period 
during which the preventive measures were in active opera- 
tion. In these thirteen cities the so-called normal rate of de- 
crease, from 1875-1893, was found to be higher than that from 
1894-1912, suggesting that the so-called normal decrease in the 
death-rate from consumption was more favorable than that as- 
sisted by modem prophylaetie measures. 

According to the author's conclusion, the trend of the evi- 
dence, which he presents, is strong enough to force the con- 
rietion that the decrease of the death-rate from consumption 
has not been accelerated one whit by the preventive measures 
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which have been evoked during Ihe last ten or fifteen years: 
on the other hand, he continues, there are positive indications 
that, on the whole, the number of deaths from this disease have, 
for some unaccountable reason, increased during the years 
when these measures were in full sway, involving immense ef- 
forts and the expenditure of money amounting in a single year 
to over twenty million dollars in the United States alone. He 
claims that the only remedy, wliich has so far been found ef- 
fective in reducing the number of deaths from this disease, 
consists in the improvement of our physical and mental en- 
vironment, and in the moral betterment of the human race. 

It will be of interest to study similar statistics, at least for 
the perio<i of the so-called normal diminution-rate, of the tubercu- 
losis mortality in England. Before the Epidemiological Society 
in London, a paper was read, in 1898, on the prospect of abol- 
ishing tuberculosis, in which the author stated that the annual 
death-rale from phthisis in England, had declined steadily from 
3.8 per thousand living in 1838, to 1.3 per thousand living in 
1896. The first great fall was observed in the period of 1840- 
1850, when land-drainage was being carried out extensively. 
The mortality then remained nearly stationary until 1867, since 
which time the decline has been continuous, corresponding with 
the sanitary improvements, the belter ventilation of houses and 
workshops, and the higher standard of living among the work- 
ing classes. For the future, this author considered the out- 
look encouraging, and be believed I hat judging from the suc- 
cess that had already attended past efforts for the general im- 
provement of public health, and from the great though unde- 
signed reduction in the mortality from tuberculosis, which had 
followed, "England might confidently look forward to the prac- 
tical exiinclion of this disease at no distant future," as the 
result of the persistent cooperation of the sanitary authorities, 
the medical profe&sion. and the public, in mea.sures intelligently 
directed to the end in view. 

It is not necessary to more than direct attention to the con- 
tra.st between the first pessimistic, and the second optimistic 
subjective views of these two authors. The former's idea, that 
the efforts of the la.st twenty or thirty years had produced no 
results, is just as ill-conceived and mistaken as is the sanguine 
confidence of the second author, who forecasts the eradication 
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of tuberculosis at uo distant future. It will be seen that the 
most decidcti (iimiiiuliou iu tlie tuboreulonia mortality in Eng- 
land is attributed to definite causes, namely, the extensive land- 
draiuage of 1^40-m50, and the general improvement in sani- 
tation and in the stauiiard of living in 1867-1898. Between 
1850 and 1867, when no particular factors were active, the rate 
of mortality from phthisis remained practically stationary. It 
is therefore quite probable that the relatively greater diminu- 
tion in the tuberculosis mortality of the American cities, be- 
fore 1893, may also be referred to definite causes, and that the 
less favorable results since 1894 occurred in spite of modern 
preventive measures, which after all arc simply Ihose improve- 
ments in sanitation and hygiene and in the standard of living, 
which are dictated by common-sense, plus special precautionary 
measures resulting from our increasing knowledge of the origin 
and the mode of distribution of the disease. 

Even then the seeming failure of modern preventive meas- 
ures, to produce a greater diminution in the tuberculosis mor- 
tality, may be taken as emphasizing the vastness and immensity 
of the problems involved. On the other hand, there is no doubt 
that, by a like statistical method, figures could he adduced, if 
it were worth the while, which would give more CDCouragement 
for the past efficiency of the crusade, to those who have given 
their time, efforts, and financial support in this work for the 
benefit of mankind, and which would encourage the continuance 
and the increase of these efforts, and the enlistment of others 
in the cause. 

The vastness of the task confronting us in undertaking to 
stamp out, or even to materially reduce, the prevalence of an 
infectious disease after it has spread practically all over the 
world, over which it held sway as long as we liave history, must 
be apparent to every one, and under the circumstances, after 
little over two decades of concerted effort, the conservative stu- 
dent of the subject would hardly be justified in expecting so 
evident a reduction in mortality or even in morbidity, that the 
statistical proofs were ineonlrovertible. Such a result would be 
the more surprising at the present time, when one bears in mind 
that, unlike acute infections and epidemic diseases, a tubercu- 
losis-infection need not become manifest for many years after 
its oeenrrencc. If, as we believe with others, tuberculosis-in- 
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fection takes place during early childhood in the great major- 
ity of cases, it is reasouable to take tlic positiou tliat, in tlie 
present available statistics of deaths from tuberculosis, the in- 
fection usually antedated the inauguration of the more gen- 
eral adoption of restrictive efforts, and that it is premature to 
expect any manifest results which could be credited to these 
efforts. 

We believe therefore that, at the present and for some time 
to come, mortality statistics cannot be cited either for or against 
the success of preventive efforts against actual infection and 
disease, but that they reflect chiefly the results of hygienic and 
general efforts by ami through which the already existing in- 
fections may be prevented from reaching a stage of Tnanifest 
disease. This is also true for the results of the special activi- 
ties of public and private sanatoria, dispensaries and other pro- 
visions for the treatment of actual eases of tuberculous disease. 
Germany having the greatest facilities in this respect, the pre- 
ventive influence may be expected to manifest itself more par- 
ticularly in that country and, in fact, statistics of mortality are 
frequently compiled by German writers in support of the view 
that the lowered tuberculosis mortality, which actually obtains, 
stands in relation to the special prophylactic efforts directed 
against the disease. 

Unfortunately a large number of patients, treated by the gen- 
eral methods in vogue, relapse in the course of time, and their 
deaths, being only delayed, will of course continue to keep up 
the mortality- rate, although it must be conceded that the arrest- 
ment of early cases lessens, for the time, the number of per- 
sons that may be subjected to infeetioa through their agency. 
On first consideration the claim is a reasonable one that the 
work done by sanatoria and dispensaries, and the influence of 
the educational propaganda by these institutions and by the 
general enlightenment of the public, in regard to sputum-pro- 
phylaxis and to other prophylactic measures calculated to limit 
and to prevent infection, must have an infiuence which is of 
great importance and is far-reaching. It is not subject to sta- 
tistical demonstration what this influence may have bei 
to the present time, and what it may be now over thirty 
after the modes of conveying tuherculo.sis- in fection have 
recognized and understood. In the absence, and because 
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the impoBsibilJty of the moat effective mtyiaure of prevention, 
which is ABSOLUTE ISOLATION of infectctl individuals or at least 
of those who can convey the germs of the disease to others, wo 
may, however, wuU look into what evidence may be available, in 
.considering to what extent, if at all, our general warfare against 
tuberculoeifi has lessened or is likely in the future to diminish 
the FBEijUENCY OF INFECTIONS and the frequency of the clinical 
disease. In our study of this, the most important phase of the 
question, we confess to being apprehensive that, even under 
favorable sanitary and hygienic conditions, tuberculosis will 
prove no exception to other infectious diseases, in all of which, 
witii the sole exception of smallpox because of the specific pro- 
phylactic immunization against this disease, isolation of the 
infected has been the only efficient method to prevent their 
spread. 

While we have no definite proof that, in man, a tuberculosis- 
infection from outside sources must be repeated again and 
again in order to produce disease when the conditions for it» 
acquirements are otherwise present, we know that infection with 
the tubercle bacillus occurs, as a rule, through exposure in 
house and family, and at all events that it occurs indoors, in 
consequence of direct or indirect contact with persons whose 
morbid discharges contain the Bacillus of Koch. 

It is also known that the tubercle bacillus is very resistant 
to destructive influences and able to retain its viability for long 
periods of time. It is extremely minute, and a single droplet 
of expectoration may contain it in great numbers, many times 
that which is sufficient to cause infection. It has been estab- 
lished by tlie studies of Comet, Plijgge, and others, that liv- 
ing virulent tubercle bacilli may be found in the dust of rooms 
occupied by persons suffering especially from pulmonary tu- 
berculosis, who discharge them not only with large masses of 
sputum coming from lung cavities in advanced pulmonary phthi- 
sis, but who may eliminate them with their expectoration at a 
time when their disease has not yet made a marked advance 
in tissue destruction, when the amount of expectoration is small 
and when the symptoms of ill-health are too slight or indefinite 
even to suggest a sputum examination, because there is nothing 
to connect the existing symptoms with the lungs as the seat of 
serious disease. Fliigge and his coworkers have shown con- 
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eluaively that persons with open pulmonary tuberculosis may 
project particles or droplets of moisture for a distance of sev- 
eral feet, in speaking, singing, hawking and coughing, in which 
tubercle bacilli may be found. Although this does not occur 
uniformly in all cases and at all times at which such experi- 
ments are made, we must reekon with all possible means for 
the direct and indirect conveyance of the infection; direct by 
inlialation while the droplets are suspended in the air, and 
indirect after they have gravitated to the floor and after the 
moisture has evaporated, when the tubercle bacilli are mixed 
with the floatable dust of the apartments, as Cornet has shown 
to be possible in his examinations and experiments with dust 
taken from various places in rooms oeeupictl by tuberculous 
patients. 

These facts having been well established, we should take into 
consideration what measures have been or can be employed in 
order to prevent absolutely the presence of free tubercle bacilli 
in the air of the room or rooms of a person who discharges 
them in greater or lesser numbers. If it is remembered that 
few persons are ever removed to public or private sanatoria 
before a positive sputum<exami nation clinches the diagnosis of 
tuberculous disease, when in this manner the presence of tu- 
bercle bacilli has been established, it is only just to conclude that 
the specimen actually examined, in all prohahility, was not the 
first one in which a painstaking search would have revealed 
them. Granting, what is improbable, that a sputum-cup is al- 
ways used and that its contents are carefully destroyed, it must 
be admitted that even careful and clean patients can still lib- 
erate tubercle bacilli in speaking, hawking, coughing, and that 
they probably wipe their lips with their handkerchiefs, after 
expectoration, even though they do not expectorate into them ; 
that in handling their handkerchiefs and sputum-cups they are 
likely to contaminate their hands and their clothing, and that 
for all these and other reanons our present mode of sputum- 
prophylaxis is by no means what must be demanded in order 
to assure absolute protection against the presence of tubercle 
bacilli in the air and dust of rooms in houses in which a per- 
son with open tuberculous lesions mingles with those who oc- 
cupy them with him. The precautions as they are now practised 
are therefore manifestly inadequate, even though they are car- 
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ned out conscientiously by the more intelligent classes of peo- 
ple ; and they must be far more inadequate under conditions of 
crowding and of a greater want of appreciation of what is re- 
quired to render a room sterile as far as the tubercle bacillus 
is concerned, in spite of its being occupied by a person who 
can and does discharge millions and even billions of these miero- 
organisras in a single Jay. If, therefore, infection were in- 
variably followed by disease, the outlook for a solution of the 
tubereuloeis problem would not be encouraging. 

Realizing that opportunities for infection must occur even 
under such care as it has been possible to secure in the dis- 
posal of tuberculous sputum, B. Frankel ° proposed, some 
years past, the wearing of a mask by the consumptive patient. 
Inasmuch as this mask would have to be removed when, on 
coughing, the expectoration ia to be discharged into a sputum- 
cup, and in spite of the fact that it would no doubt lessen the 
frequency with which tubercle bacilli escape into the atmos- 
phere, the actual protection of those who are exposed to in- 
fection cannot be secured by such a makeshift, since it lies in 
preventing absolutely every escape of tubercle bacilli, and this 
must be admitted to be an impossibility. 

When making reference to the face-mask of B. Frankel, at 
the Berlin Tuberculosis Congress, in 1899, Dr. Roth ° de- 
scribed " cough ing- fans " which he had manufactured of hard 
nibber or of aluminum, against which the patients were sup- 
posed lo cough and which could be kept clean easily. Eichen- 
lopf.' a dentist, constructed a face-mask for the protection of 
those who come in contact with persons suffering from infec- 
tious diseases, the germs of which may be disseminated by 
Uie exhaled air, and Ronnevig ' described a mask introduced 
by E. Grundt, the director of the Sanatorium Lyster, in Norway, 
wliich is also recommended for the use of physicians when 
examining patients. 

In hospitals and charitable institutions it may be possible to 
make the wearing of face-masks obligatory upon the patients, 

•B. PbankbL; Berl. klin. Wocb. 1899, XXXVI, 21. 

*RoTB; Bericht iiber (tea Kodct^ob ziir Bekampfung der Tuberkulose clIb 
Volkskronkheit. Berlin, 24. bis 27. Mai ISm. Berlin 1896, B. 268. 
'EiCHENTOPI-; Medizin. Woche. 1907, VIII, 193. 
■BdNNiviB; Ztachr. (. Tub. 1912, XIX, 238. 
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even though their actual advantages in this case are open to 
question. Persona living in their own homes, and patrons of 
institutions, in which tlie patients pay for tlieir maintenance 
and for medical services, would refuse almost without excep- 
tion to be "muzzled." In any case, the benefits accruing from 
such an apparatus would be problematical, and in those cases 
in which the infectious material is most apt to be scattered 
through the room or over the bed linen, that is, in far ad- 
vanced and especially in terminal cases, the patients are usually 
too ill to wear masks. 

As has been stated before, we have known all these things for 
over thirty years, and. that the public has not been in ignorance 
of them, is shown by the fear whifh the consumptive engenders 
wherever he goes, and which is often manifested in a most un- 
reasonable manner. "We have alarmed the public by an alleged, 
or at least by an exaggerated danger, the supposed extent of 
which is not warranted by the facts, and we have entirely 
failed to gain the object sought. 

Our own observations and studies, supported by experimen- 
tal investigations, have convinced us years ago that an actual 
danger from the lack of efficient sputum-prophylaxis accrues 
not so much to adults as it does to children, and that the 
danger is the greater for them, the younger they are. Without 
supporting this statement by statistical evidences, we do not 
hesitate to assert, that the protection of a nursling against tuber- 
culosis-infection is rarely possible in a family in which there 
is a person whose sputum contains tubercle bacilli, and never 
if this patient is concerned in the care of the infant. 
Even if the latter is absolutely isolated from all other rooms 
in the house, and is confined strictly to the nursery which is 
never entered by the tuberculous person, and if a separate door 
leads to the garden or street, and even if the infant is attended 
exclusively by a special healthy nurse, we hold that these pre- 
cautions may stil! prove insufficient to prevent infection, in 
some cases and under certain conditions. We believe that the 
same holds true, although leas rigorously, for children who have 
reached school age, and from then up to adolescence, whereas 
in adults the exposures must probably be more severe and the 
infections more massive or more frequent in order to produce 
disease. The resistance to the development of clinical disease. 
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which may be observed to obtain under the meet unfavorable eon 
dilions and with the moat extreme degrees of exposure (of which 
all experienced physiciaus t-ould cite instances), may be ascribed 
to an acquired specttic immunity against the bacillus of tu- 
berculosis. To account for such observations, we may assume 
that a sufficient degree of immunity developed through specifie 
reactions to repeated access to the tissues of the individual of 
tubercle bacilli which were dead or non-vjnilent, or the viru- 
lence of which was lost or sufficiently attenuated after their dis- 
charge from their host. It is also possible that a sufficient de- 
gree of immunity may be transmitted from the tuberculous 
mother to her child, and we have made observations which can 
hardly have another explanation. 

Cornet has shown the frequency of tuberculosis in early in- 
fancy to stand in relation to the exposure to infection in the 
family, while the observations of Epstein," which were made 
as long ago as 1879, make it clear that no infeclion occurs with- 
out exposure. This author, who was assistant physician to the 
Foundling Asylum in Prague, found, in 200 autopsies upon 
nurslings and children mostly under sis months of age, that 
the pulmonary affections usually present were catarrhal pneu- 
monia, bronchitis and atelectasis. In the nine cases of tubercu- 
losis among them, the children had not been received directly 
from the obstetric clinic, but from their homes at ages of ten 
weeks and upward. Seven of these nine nurslings were brought 
to the asylum because the mothers had been removed to a hos- 
pital on account of phthisis. One was returned by a foster- 
mother, herself a consumptive, and in only one case, in which 
the foster-mother was not examined, was there no evidence of 
the probable source of infection. In the four years of 
his service, Epstein has not observed a single death from 
tuberculosis, in which the infeclion occurred in the institu- 
tion. 

Bollinger " records similar observations from the Munich 
Orphan Asylum. In a tolal of 603 children, cared for in the 
institution, there was not a single infant who beparae tubercu- 
lous, although 50.45 per cent of them had tuberculous mothers. 
Only one case of tuberculosis was observed in the institution 

■EPBTBrN; ef. Bchraidt's Jabrb. 1879, CLXXXIV, 153. 

"Bou-INOEE, Miioch. mcfi. Woch. 1888, SXXV, 479. 
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and in this case the disea^ had been recoguized an being prea- 
cnt on admission. 

Professor Ilutinel " also contributed valuable data in this 
respect. Of about 18,000 children taken charge of at birth by 
the "Assistance i'nhlique" in Paris and placed with families 
living in the country, subsequent inquiries were made as to 
the frequency of tuberculosis among them, because many of 
them had tuberculous mothers. It was found that only 16 of 
the 18,000 children bad developed the disease. 

Comby " found that when children of tuberculous parents 
are removed from their homes to a non-tuberculous environ- 
ment, only three per cent die of tuberculosis, whereas other- 
wise their mortality from tuberculosis reaches fifty per cent. 
This was especially manifest in the well-known clinical experi- 
ment related by Hernheim " who gives the histories of three 
pairs of twins, bom of consumptive mothers. One of each 
pair remained in the parental home, being nursed by a healthy 
woman, while the other twin of each pair was sent to the coun- 
try and brought up on the bottle. The three children kept at 
home died of tiiberculosis. Those who were removed from their 
homes remained well. 

The influence of the exposure to infection in school is well 
shown by Hillpnberg '* who found out of 74 children, from 
5 to 7 years old, who had just begim to attend school, a posi- 
tive reaction to the cutaneous tuberculin test in 12.87 per cent, 
while among 31 children who had gone fo school for 
one year (6-7 years old), 1)2.57 per cent gave a positive reac- 
tion. 

The views which we have illustrated are confirmed further 
by numerous instances in our own experience, in which we had 
the opportunity of examining critically all or several of the 
children in the families of patients under our profesiiional 
care; we can not recall a single instance in whifh the tubercu- 
losis-infection could not be demonstrated by means of tubercu- 
lin- or other biologic tests, in addition to other stigmata in 
nutrition, enlargement of lymph glands, and not infrequently 

"Hutikbl; 2o Gongrig de la tuberculoeo ; Paris, 1891, p. 344. 
"Coubt; Arch. d. niM. dea Enfants. 1905, p. 651. 
"S. BBBNHEiMi Centrllil. f, Rakt. Ifi9l, XV, 656. 
-HiLLBNBEHG; Ztsthr. f. Hyg., etc., J909, LXIV, 310. 
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by positive pbysical signs in the lungs, which were found espi- 
fially in older children. 

The insiifficicney of present prophylactic methods under the 
educational campaign of the tuberculosis crusade is made evi- 
dent further by results of tuberculin tests made within several 
years past upon large numbers of children. 

So V. I'irquet '" examined 876 nurslings and children up to 
14 years of age, in Professor Escherich's clinic in Vienna, and 
found the following percentages in tbeir responses to the cutane- 
DOS tuberculin test: 



0-3 months . 



1-2 rears . . . 


24 per cent 


2-4 " ... 


37 " " 


4-6 " ... 


53 " " 


6-10 " ... 


57 " " 


0-14 " ... 


68 " " 



while at the ages above 14 years, the frequency was 90 per cent. 

The writer of an editorial, in the British Medical Journal,'* 
states that, according to a personal communication from the 
director of the hospital, 90 per cent of the children, who died 
of other diseases in the Children's Hospital at Bucharest, were 
found after death to have been subject to tube rcul (Bis- infection. 

E. Ausset" found the following response to the conjuncti- 
val tuberculin teat in 204 children : 



Among 13 infants, less than 3 tuootlis oM None reacted 

" S3 iofsDtg Tip to 1 year olj 8 or 15.09 per dent " 

" 126 cbUcIren 1-6 years old 46 " 36.5 " " " 

' ' 50 chUdren 6-9 years old 28 " 56 " " " 

" 65 children B-15 years old 38 " 58.4 " " " 

riamburger & Monti " examined 532 children at the Vienna 
Children's Hospital, ill with non-tuberculous acute affec- 
tions, by injecting small doses of undiluted old tuberculin and 
observing the usual and also the "Stichreaktion, " They 
found no positive reactions in the children under one year of 
age. After the first year of life, positive reactions were ob- 

"C, V. Pibqttet; Wien. med. Prease, 1907, XLVin, 1733. 
"Brit. Med. Journ. 1907, 11, 470, editorial. 
"E. Adsset; Bevue de MMecino; 1908, XXVIIl, 359. 
"Baububoeb & Monti; Miincb. med. Woch, 1909, LVI, 449. 
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Our own observations in over 600 examinations of children, 
regardless of known exposure, gave more or less evidence of a 
preceding infection in 70 per cent. In 393 such examinations 
which were made in children at the Baptist Orphanage at 
Thomasville, N. C, the relation of family exposure was appar- 
ent in this sense that, in instances where two or more chil- 
dren of the same family were among the examined orphans, 
these children were found to have traces or signs of tubercu- 
losis-infection, or not, accordingly as one or both of the par- 
ents had or had not died of tuberculosis. 

There is no need to cite further statistics of this kind, as 
such observations are a matter of common experience; neither 
is here the place for considering other modes of exposure or 
the supposed influence which heretofore has obscured the etiol- 
ogy of tuberculosis to a certain extent, namely, the theory of 
a specific or more or less general predisposition. The relevant 
point is that, if we accept our present modes of diagnosis as 
reliable and agree that a positive cutaneous or other form of 
tuberculin test is an evidence of a preceding infection, regard- 
less of its significance as to the extent to which this infection 
has been instrumental, or is likely to be so in the actual develop- 
ment of tuberculous disease, we must concede that the tubercu- 
losis warfare with all its expenditures in eflfort and money has 
not been able to prevent infection under ordinary methods of 
exposure in families and elsewhere, and that the general rule 
requiring complete isolation of patients ill with infectious dis- 
eases holds good in tuberculosis, the same as it does in other 
communicable diseases. 

It is needless to say that such an isolation is impossible in 
the case of tuberculous persons. This being the case it is un- 
avoidable that not only tuberculosis-infections but also mani- 
fest cases of tuberculosis will recur in succeeding generations, 
and that therefore the disease is bound to perpetuate itself in- 
definitely, even though we were to increase our watchfulness and 
our general educational campaign, as long as isolation cannot be 
included in the prophylactic measures employed. As already 
intimated, the results from our present general efforts will, for 
the present and for years to come, probably show themselves 
mostly in the greater frequency with which a state of latency is 
maintained, either of the infection itself or of the tuberculous 
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served in the successive years to be 9 per cent; 20 per cent; 
32 per cent ; 52 per cent ; 51 per cent ; 61 per cent , 73 per cent ; 71 
per cent; 85 per cent; 93 per cent; 95 per cent; 94 per cent; 94 
per cent; — from which they conchided that the practically 
universal tuberculization is accomplished at the age of 14 years, 
at least in the hospital population of Vienna, and that tubercu- 
losis is in truth a children's disease, in the sense thatthe tu- 
berculosis-infection is acquired almost invariably during child- 
hood. Arranged according to age-periods, the steady increase 
of tuberculosis-infection is even more apparent nnd is found 
to be as follows: 



I, period — 



lat jeai . 
2nd " . 



) per cent 



— .■Srcl- 4tli ' 

— 5tlj- 6th ' 

— 7th-I0th ' 
— lltl>-14th ' 



Leo Cohn " found in 283 children, all of tuberculous par- 
entage, the cutaneous tuberculin test positive as follows: 



a-5 


yews, poBitive 


5-7 






&-9 






12-13 







lie believes that, in many of these children, negative results 
were due to general debility and cachexia, and that, in families 
in which the parents are ill with tuberculosis, all children are 
infected by the time they have reached their 14th year of life. 

E. Peer"" found among a clinical material of 2,000 c 
>dren who were subjected to the cutaneous tuberculin test, 1 
of 338 healthy children from tuberculous families, 16 or ' 
per cent reacted to the test, while of 991 healthy * 
non-tuberculous families only 114 or 11 per cent gi 
tive reaction. He found further a family exp< 
existed in 86 out of 141 clinically liilii'rculons o 
in CI per cent of the cases. 
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processes which have occurred in consequence of the infection, 
until they heal out naturally and thus become obsolete in a 
constantly increasing number of cases. Further benefits will 
be secured in so far as a diagnosis is sought and made earlier, 
at a time before it can be confirmed by the demonstration of 
tubercle bacilli in the discharges of the patient. We can rea- 
sonably hope this result to show itself eventually in a more rapid 
downward progression of the death-rate than is given in the 
supposed natural rate of diminution, and indirectly by the 
beneficial intiuence of general hygiene, taking the term in its 
widest meaning, upon the mental and physical health and vigor 
of the people as a whole. 

We feel therefore that the tuberculosis crusade is by no means 
a misdirected movement and that indeed it promises great bene- 
fits which time will show to exceed by far the cost, whatever 
this may have been. Although we do not look to the near future 
for a "natural" diminution of infection from extended and 
intensified prophylactic methods, as long as complete isolation 
is not fea.sible, or even for suflieiently striking changes in the 
direction of a lowering in the tuberculosis-mortality, except that 
the so-called natural rate of diminution will become greater 
(and the latter must come first before we can hope for tbc 
former), we nevertheless believe it to be an evident fact Ibat 
in time the frequency of infection will decline together with a 
reduction in the morbidity and mortality. 

Reibmayr and others expect such an outcome, not from gen- 
eral prophylactic efforts, but ratJier from the constantly in- 
creasing permeation of the race with tuberculosis, and from the 
sifting-out of the unfit through the disease, the survivors ac- 
quiring a greater resistance to the infection, which they trans- 
mit to their offspring. 

In his interesting treatise on the marriage of the tubercn- 
loiis and on its results, Reibmayr" claims that the disease is 
transmitted not only in the germ by contagion, but also as 
such by heredity, and in the latter case modified by a certain 
latejicy which is closely related to the, also transmitted, re- 
sistance or the power to struggle against the disease. As the 
disease has a national and international distribution, this re- 

** A. Bbibmatb; Die Eho TuborkuloKr und ihre Folgen. Leipzig & Wien, 
18H. 
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sistance is gradually extended in the degree in which the non- 
resistant individuals are eliminated by death, and in which, more 
and more, only the resistant ones marry and procreate children. 
The introduction of new, that is, of non-resisting blood into a 
family may reduce this partial immunity which is greatest in 
those nations or races in which intermarriage is habitual (Jews). 
In the development of the national or the racial immunity, the 
elimination or sifting-out of the unfit is of great importance. 
Inbreeding promotes the development of the acquired and trans- 
mitted immunity in places where it is forced upon the people 
by geographical factors (islands, secluded valleys, political bor- 
ders, differences in language), since in such cases a greater 
resistance to tuberculosis is observable than in countries in 
which ** panmixia'* prevails. This is true especially in the case of 
the Jews among whom the tuberculosis-mortality is lower, espe- 
cially in childhood, and the duration of the disease is longer; 
the Jews frequently reach old age even if they are consumptive. 
Therefore, according to this author, although tuberculosis 
may be spread by contagion, and although this is the primary 
mode of its extension and perpetuation, the hereditary trans- 
mission of the disease itself is of far greater importance for 
the ultimate outcome, for it brings about the permeation of 
the race with tuberculosis, and without this permeation the re- 
sistance to the disease cannot develop and cannot become a 
racial characteristic. The weaklings, the non-resistant ones die 
of the disease, the stronger survivors transmit a greater re- 
sistance to their offspring. This permeation of the race, pro- 
moted by intermarriage, will eventually lead to the victory 
of the race over the disease, at least in its fatal forms. In 
addition to the Jews whom the author cites as an instance of 
acquired and transmitted racial resistance, he refers to the in- 
habitants of England where, owing to the geographical isola- 
tion and the prevailing intermarriage, the permeation of thf* 
nation and the sifting-out of the unfit made greater progress 
early in the last century, where therefore a relative resistance 
developed, greater than in the nations of the continent, in con- 
sequence of which the tuberculosi.^mortality was lowered de- 
cidedly beginning with the first third of the 19th century. An 
evidence of this relative resistance is seen in the greater fre- 
quency, over that of pulmonary tnberculonis, of Inpivi and of 
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lymph gland tuberculosis with marked tendency to fibrosis'' 
Concerning the aciiuired resistance of the Jews as a race, 
Maurice Fisliberg " of New York denies the infiuence of 
intermarriage, showing that the Jews are by no means an un- 
mixed race, and claiming that their relative protection is not 
owing to intermarriage. Fishberg attributes the latter to the 
fact that, for many centuries, the Jews have been city dwell- 
ers, accustomed to small, crowded and unhygienic quarters. They 
have long since passed through the more intense sifting-out 
process of the non-resistant and have paid the price of urbani- 
zation. While the incidence of tuberculosis is greater among 
them, and while the phthisical habitus is almost a racial char- 
acteristic, the acute and fatal forms of the disease are rela- 
tively infrequent; it is chronic, and the consumptive Jew lives 
far longer, resisting his disease better, than does the consumptive 
Gentile. 

In support of the gradually acquired racial resistance to 
tuberculosis, which is transmitted to the progeny, Reibmayr 
cites the well-known fact that "new" races like the negro, the 
North American Indian and others, to whom tuberculosis was 
unknown on their first coming in contact with Caucasians, of- 
fered no resistance whatever and died in large numbers. Even 
to-day tuberculosis is a far more serious and fatal disease among 
such races than it is for Caucasians "*. 

This view is also supported by Effertz " who relates that 

"If we accept Heibmayr'a ideas, we would expect tlie prevalence and the 
moTtality of tuberculosis to be greater in tlje United States than in any 
Other civiliEwl country, because of the greater mirture of nations and races, 
and the practically unlimited punniiiLia, The people of the United States 
would therefore work out their salvation from tuberculosis only alowly, 
and not until conditions in this "melting-pot" at nations have bccomo 
more settled and stable. 

■Maubicb FiSHBEBO; Medical Record, 1008, LXXIV, 1077; and else- 

'*The relatively lower reaiatance of the negro and tJie North American 
IndlAU to tuberculosis, ae compared with that enjoyed by the Caucasian, 
is undoubt^sdly cmpliBaixed by their unsanitary mode of living, their ftlthy 
habits, tlicir indulgcoee in alcoliolics, and by other factors of environment. 
For the Inrlian this ib well illustrated in a study by AleR UrdliiJka, publiebad 
in Bulletin No. 42, Smithsonian Institution, Bureau of American Eth- 
nology; Washington, D. C, 1909. 

»0. EFrEKTZ; Wien. klin. Woch. 1904, XVIT, 129, 
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the tropical lodiaus in Central America acquire tuberculosis 
invariably in an acute form and succumb to it in the course 
of a few montiis. On the other hand, they are remarkably re- 
sistant to sepsis and syphilis, neither of which be ever observed 
in acute form. He concludes, that by centuries of permeation, 
they have acquired a racial immunity to these diseases, while 
this is not yet the ease for tuberculosis which is relatively new 
to them. This disease, on the other hand, is resisted far more 
effectively by Eiiropeans than syphilis which has been intro- 
duced to them, probably only a few centuries ago; and then it 
was far more severe than it is now. Effertz asserts that in all 
infections diseases a racial immunity is acquired in course of 
time, owing to which the disease becomes more chronic and 
less severe. 

While the last-named authors published their ideas only re- 
cently, the views of Reibmayr were promulgated over twenty 
years ago and were then far more sfJirtling than they appear 
now, in spite of the fact that, even before him, similar opin- 
ions had been expressed. 

Haser" said that "the undoubted diminution, both in extent 
and in severity, of epidemic diseases, is due more particularly 
to two factors : to the removal and diminution of their immedi- 
ate causes, and to the resistance to these diseases which increased 
with progressive civilization." 

Rindfleisch " expressed the opinion that tuberculosis is 
au infectious disease to which the human genus has become 
adapted in a high degree. He believed that the disea-se is in- 
herited like syphilis and that at one time it was similarly in- 
fectious, perhaps even more poisonous and malignant. By the 
great extension of its specific poison, the human race has be- 
come permeated with it, and in turn this has caused a certain 
degree of immunity. 

The general evidence is to the effect that certain infectious 
disea.ses like leprosy, smallpox, typhus, cholera, or even pest 
and plague, have in the course of time not only become less 
frequent and more limited in their spread, but that their 
course has gradually become less severe; and Ihese differences 

■Hjojjeich Haser; l.«hrbuch lier Oeetliipht* i3er Medicin und dor 
(rpidemischen Kranbheiteti. 3t« Boarbeitung. Sena. Bd. Til. 1S8S, S. 956. 
■Eduard RiNDrLBiHCH; Virchow's Arehiv. 1881, LXXXV, 71. 
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could be observed before the advent of modern hygiene and 
quarantine, which in some countries are still crude or entirely 
lacking : and prior to the development of the modern therapeutic 
resources of treatment. Neither is the proposition untenable, that 
the individual immunity whicli follows an attack of these or 
other infectious diseases, may extend beyond the individual and 
be transmitted to the progeny. Such a theory is in keeping 
with the teachings of Darwin of the survival of the fittest who 
transmit their fitness to their offsprings; it agrees with Weis- 
raann's theory of the heredity of acquired characteristics, and 
it is given support by the result of more recent studies of the 
subject. 

Since Meissen " as the first pointed out that heretlity, in 
the sense that tuberculosis has existed in the ascendants, exerta 
no unfavorable influence upon the therapeutic results in con- 
sumptives, other observers have become interested in the prob- 
lem, some of whose conclusions one of us cited iu a paper on 
the subject " in 1907. 

In this paper he was able to show that the so-called hereditary 
predisposition ("Belastung" or taint of Brehmer) referable to 
tuberculosis in the ascendants, not only does not cloud the prog- 
nosis, but that a benign course of the disease in the parents, 
as a rule, justifies the expectation ceteris paribus of a favorable 
course in the offspring. Prom a study of the records of 1415 
cases of pulmonary tuberculosis treated at the Winyah Sana- 
torium, it appeared, in fact, that the chances of a favorable 
outcome were slightly better in those with a family history of 
tuberculosis than in those without such a history. 

In experiments on chickens, Jraffueei '" found that chieks 
of tuberculous parentage, although infected more readily than 
those without such an hereditary "taint," were more resistant, 
their tuberculosis followed a more chronic course and showed a 
tendency to recovery. 

Arthur Latham ", physician to the Brompton Hospital for 
Diseases of the Chest, concluded from a study of the problem 

■Meissen: DpuL Me.i. -?tg. las.'i. No. 5B. cf. H. Wbickbh, Tuberku- 
loBc, HeilBtSttpn, DaiicrprfolsP, l.eipiiE. 1003, 8. .17, 
■K. V. Buck; Amer. Jour. Med. SeienwB, 1907, CXXXIV, 22E, 
"MATfuccl; abe. CentrlbL t. Bakt. Ref. 1904, XXXIV, 708. 
" Abthur Latham ; The Lsiicet, 1908, II, 151S. 
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that probably tlie diminishing incidence and mortality of the 
disease may in part be due to a partial immunity inherited from 
tuberculous ancestors in whom the disease has been cured. 

In our own investigations we have regularly been able to dem- 
onstrate specific agglutinins and, in many cases, spoeifio ambo- 
ceptors in the blood-senim of newborn children of tuberculous 
mothers, and other inve»1igators have made similar observations 
in regard to otlier infectious diseases. So Schiitz, cited by 
Sohenk,'- found diphtheritic antitoxin in the fetal blood 
serum, in the same, and sometimes in smaller amounts than 
those present in the maternal serum. I'olano'* found the 
same and he also destroyed the virulence of tetanus-tosin with 
the serum of children whose mothers had been immunized with 
tetanus-serum a few days ante partutn. FischI & Wunsehheira " 
found in 70 per eeul of their CAses, fairly considerable quantities 
of diphtheria antitoxin. 

Remlinger'" could produce an antirabie immunity in young 
rabbits by immunizing the mother animals during gestation. 
He considers the process one of passive immunization, the 
effects of which are slight and transitory, not persisting beyond 
the sixth month of life. He found that antirabie immunity is 
not transmitted by nursing. In a case of Mosse & Daunic '" 
the serum of a child born at tenn, whose mother had had ty- 
phoid fever in the sixlh month of pregnancy, showed well- 
marked agglutinating power for t.Vphoid bacilli. Hicks & 
French " collected from literature 21 cases of typhoid fever in 
pregnant women in most of whom premature labor had occurred. 
In 7 instances the fetal serum was capable of agglutinating ty- 
phoid bacilli. The authors raise the question whether the agglu- 
tinins are transmitted from the maternal blood, or whether they 
are produced in the fetal organism, that is, whether the im- 
munization is a passive or an active one. According to Staubli's 
experiments** on guinea-pigs, the former appears to be the 

-P. Schenk; FoI. Serol. 1909, 11. 349. 

•PoUNO; Centrlhl. f. Bakt. Hef. 1905. XXXVI, 518. 

"FlscBL & WuNSCHHETM; Ztsclir. t. Heilk. 1905, XVI. cf. F. Schenk, 

■Hbmlisgeb: Ann. de I'Instilut Paat«ur. 1909, XSIII, 430. 
"Mosee & Daunic; C. E. Soc. li. Biol. 1897, XLIX, 238. 
"Hicks 4 French; The Lancet, 1905, 1, 1491. 
-STiVBLij Centrlbl. f. Inn. Med. 1905, XXVI, 404. 
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case, and the same eonclusiou may be drawn from espcriments 
on pregnant mice, made by Widal & Sieard'" who found 
that the animals, injected subeutaneously with agglutinating 
typhoid serum, transmitted the power in one-half the strength 
to their youn^,'. In sn''king guinea-pigs and cats, the maternal 
agglutinins were not transmitted. Sehenk found in his inves- 
tigations concerning the transmission of hemolysins and agglu- 
tinins, that certain antibodies (antihemolysins) were present in 
like amounts in the serum of the mother and her infant, while 
other substances were present in smaller amounts in the fetal 
than in the maternal blood. 

In the blood serum of infants, in some instances bom of clin- 
ically tuberculous mothers, agglutinins for tubercle bacilli 
were found by Hirigoyen *", Jerama*', F. Roeenberger ", B. 
Salge ", and in guinea-pigs, by F. Morelli *'. The latter found 
the agglutinating power higher in the fetal than in the maternal 
serum and assumes that the former reacts more strongly to the 
toxic irritation than does the latter whose reactive powers are 
weakened by pregnancy. 

Ferdinand Sehenk found in the newborn young of tubercu- 
lous guinea-pigs treated with tubercle bacillus emulsion during 
pregnancy, the complement-binding substances qualitatively and 
quantitatively like those of the mother animals, but after a time 
they had dimini-shed in the young. According to A. Fedali ", 
however, amboceptoi-s could not be found in the serum of tlie 
young of animals immunized by Maragliano's method, although 
small amounts of precipitins and a^lutinins were present, and 
these amounts were larger in ease the young were suckled by 
their mothers for considerable periods. 

In a serological study, a few years ago, of blood specimens 
taken from the umbilical cords of over one hundred newborn 
infants, some interesting observations were made in our labora- 
tory *'. In the blood of six babies whose mothers had been 

■WiOAL & Sicard; C. R. Soe. li. Riol. 1897, XLIS, 804, 

"HmiaoYBaii Gm. Hebdom. d. MM. et Chir. 1901 n.s. VI, 708. 

"Jkmma; Centrlbl. t. Bakt. Ref. 1P07, XXXIX, 86. 

"F. RosEKBKROBB ; Centrlbl. f. Inn. Med. 1904, XXV, 665, 

"B. Baloe; Schmidt 'BJahrb. 1907, CCXCV, 75. 

"P. MoftBLLt; Centrlbl. (. Bakt. Eef. 1912, Lll, 441. 

-A. FKDALi; Pol. Serol. 1911, Vn, 199. 

*Kaxl v. Buck & H. J. Ackaid; Pediatries, 191.1, XXV, 742. 
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treated during preguaney with Watery Extract of Tubercle 
Bacilli, agglutinins were found invariably in serum-dilution^i 
of 1:50 (] case) to as high as 1:225 (1 case), In one case spe- 
cific amboceptors could be shown in but small amounts, in the 
otlier five cases they were found in serum-dilutions of 1: 10 and 
higher; the opsonic index varied from 1.1 to 1.4. 

Id tbe sera of 30 other babies of mothers not treated by us, 
but with a history of tuberculosis, specific agglutinins were ab- 
sent in 3 cases; they were present in the others in dilutions of 
1 :2 to 1 :20, most often in dilutions of 1 :5 and 1 :10. Speeilic 
amboceptors could be shown, in smaller amounts, in 22 of the 30 
specimens examined. 

Since our blood -specimens were taken from the umbilical cord, 
our examinations would indicate that a transmission of specific 
antibodies can occur from the mother to the fetus through 
the placental circulation. If this is the case, there appears ta 
us no valid reason why the specific toxins or their split 
products can not also reach the fetal circulation if they are 
present in the blood of the mother, nor why in such a case 
the fetal organism should not react and itself produce specific 
amboceptors, i. e., acquire an active immunity against the par- 
ticular toxic fraction or fractions of the tubercle bacilli; the 
fact, that we found specific amboceptors on repeated examina- 
tions in non- tuberculous and not treated children up to ages of 
four and six years, supports this view. If split products also 
pass over from the mother, and the fetal blood does not possess 
sufficient specific amboceptors to reduce them promptly, they 
can produce a general reaction in the fetus, the same as in the 
mother, and a toxemia resulting in this manner may be responsi- 
ble for tbe often observed death of the fetus and for the fre- 
quent abortions which occur in pregnant women who suffer from 
active tuberculosis. 

The occurrence of passive or of active immnnity, or of both, 
in the fetus accounts for the infrequency of manifest tubercu- 
losis in the newborn and during the early months of life, as well 
as for the observations of tubercle bacilli without tubercle in 
the fetal blood or organs, which have been recorded in litera- 
ture. The toxins which pass the placenta! circulation can cause 
varying degrees of specific resistance in the fetal organism the 
same as does their artificial administration after birth, and the 
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variatioiis of the resultant immunity will become more intel- 
ligible if we are correct in our position that, in order for tlic 
specific resistance to become complete, the several specifie bacil- 
lary body-substances must all hu represL'nted in the organism 
by their related specific amboceptors. In this light we are then 
not surprised that the fetal organism may possess varying de- 
grees of specific resistance or that this may be entirely lacking 
in it. 

Like in the mother, the active immunity acquired by the fetus 
need not be maximal or complete in the sense that it is present 
against all the body-profeida or lipoids of the tubercle bacillus. 
The acquired specific resistance of either mother or fetus is 
represented by bacteriolytic amboceptors which correspond with 
the toxic substance which caused their production. The ambo- 
ceptors appeared to correspond quantitatively and qualitatively 
also in our examinations of blood -specimens taken from the 
mother and from the newborn infant at the same time. 

We have stated our reasons on other occasions for believing 
that the spontaneously acquired immunity against the tubercle 
bacillus is not evolved against its specifie secretions and body- 
constituents simultaneously, and we again point out that its 
development must occur gradually and step by step, first against 
those toxins which the bacilli produce in their living state, and 
next against the several constituents of their bodies according 
to their solubility. In order that a spontaneous immunity may 
be acquired against any of the bacillary body-constituents, the 
bacilli must first die and become disintegrated; on account of 
their great resistance to solvents and of their enclosure in non- 
vascular tubercles this immunity can be but slight before the 
tubercles have become caseous and have softened, after which 
the more or less liquefied material is available for absorption. 

We may perhaps elucidate the subject of the spontaneous ac- 
quirement, by the fetus, of passive or of active immunity or of 
both against the bacillus of tuberculosis, by applying our the- 
ory hypothetically. Taking for example the ease of a non 
tuberculous mother, it would be found that the blood of the 
newborn infant contains no specific antibodies against tubercle 
bacilli or their products. 

Assuming that the mother has acquired tuberculosis and that 
her disease is in that early stage in which destructive changes 
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lave not yet occurred, it can happen that a local immunity has 
developed in and peripherally to the lesions, sufficient to hold 
the disease in check, because the cells of the local lesiona may 
have been stimulated by toxic suhstanees from tub bodies of- 
TtTBEJtCLE BACILLI, whlcli, being available in only very minute 
quantity at so early a period, have not been absorbed in suffi- 
cient amount, or none may have been absorbed at all. to cause 
a general immunizing effect by which the specific amboceptors 
would occur free in her blood. The mother's general immunity 
may thu8 be limited and represented by specific amboceptors 
against the secretion- or metabolic toxins of tubercle bacilli, and 
her local immunity may include a limited amount of ambocep- 
tors which are specific for one or several of -the body-constitu- 
ents, i. e., of the endotoxins. In such a ea.se the amboceptors, 
which the mother could transmit to the fetus in appreciable quan- 
tity, would be those which she produces in larger amounts, and 
which are present in her blood, and these would be active against 
tlie exotoxins, i. e., against the secretion-products which the 
tubercle bacilli elaborate in their living state. The fetus can 
thus acquire a certain degree of transmitted passive immunity 
against the secretion-products of living tubercle bacilli; but 
it has not acquired an active immunity against (hem, and when 
the supply of the specific amboceptors from the mother ceases, 
they soon disappear from the blood of the fetus. Although the 
blood of the newborn child contains amboceptors transmitted 
from the mother, the infant does not react to the cutaneous 
test with the related toxin, because the amboceptors are dif- 
fused in its body fluids and cannot accumulate in sufficient 
amount, at the site where the test was applied, to reduce and 
split the toxin before it is bound by local cell-receptors, or is 



Assuming, however, that during the course of pregnancy, the 
mother's local immunity became insufficient to hold the disease 
in check, the results to herself as well as to the fetus or newborn 
child would differ. Through changes in the maternal cellular 
metabolism, or through changes in the local circulation of the 
tuberculous lesions, or through other causes, the growth-energy 
of the tuberclr bacilli in tlic lesion can increase; the local spe- 
cific amboceptors for their body-substances, if present, are then 
inadequate, and in such a case new tissue is invaded by living 
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bacilli; consequently tliere is a eorresponding increase o£ the 
bacillary secretions or excretions. The absorption of body- 
substanees which are essential for the production of amboceptors 
against the bacilli or their endotoxins would, however, not be 
increased and no amboceptors against them would be available in 
the newly invaded tissue. 

In this case the mother's general immunity against the toxic 
substance which the bacilli secrete, may increase enough to bind 
and reduce the toxin which she absorbs in greater quantity ; but 
if the latter is in excess, split products will occur in her blood, 
to which she responds with more or less fever. Tiie whole toxin 
and the split products of partially reduced toxin can then also 
pass to the fetus through the placental circulation and become 
bound by eell- receptors of the fetal tissue. The fetus thus ac- 
quires an active immunity against the particular toxin, the 
increase and final degree of which depend upon the continti- 
ance or repeated presence of unreduced toxin in the mother's 
blood, and upon the quantity which reaches the fetus at any 
one time. The acquired immunity of the fetus may become 
ample to bind and completely reduce new accesses of toxin, or 
it may fall short because, by reason of the increase of the 
mother's immunity against the same toxin, none may thereafter 
reach the fetus; or, if small amounts did pass the placenta, they 
would be promptly redu<;ed by free amboceptors which the 
fetal tissues can now supply to its own blood. 

The tissues of the fetus or of the newborn infant have then 
acquired a variable degree of general active immunity against 
the particular toxins, and can thereafter continue to produce 
free specific amboceptors for them. In case a tuberculin test 
is made, these amboceptors increase locally, by being detached 
from previously sensitized cells, and the occurrence of a reac- 
tion depends, on the one hand, upon the degree of the general 
active immunity as manifested locally, and, on the other, upon 
the amount of the identical specific toxin which was present in 
the test fluid. Such an infant posses-ses an active immunity 
against the seeretion-producis of tubercle bacilli, but not against 
its body-substances. 

Assuming that the molher's disease had advanced further 
bi-fore pregnancy occurred, or that caseous softening and absorp- 
tion of the more or less disinlegi-ated tuberculous tissues takes 
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place during pregnanL-y, the results to tier and to the fetus can 
again differ and ihc (Uffercnpcs c^in now become very numerotLS 
and complex. 

In this stage of the mother's diyease, she has absorbed or is 
absorbing specific body-substances of the tubercle bacilli, either 
in the form of whole bacilli or their fragments and granules 
or in a state of further disintegration, and of their several 
proteid and lipoid constituents in solution. The absorbed bacilli 
may be living and more or less virulent, or they may be avirulent 
or dead. The amount of the absorbed baeillary body -substance 
in any of its physical states may differ quantitatively as well 
aa qualitatively. The mother may previously have acquired, 
or may now acquire, a certain amount of general immunity 
against one or all of the baeillary body-substances, or she may 
not possess enough or anj- .specific amhoeeptorB for their prompt 
parenteral reduction to a simple, elementary, non-toxic form. 
The maternal blood can thus contain unchanged or split prod- 
ucts of one or several of the baciliary endotoxins, and it may 
also contain related specific amboceptors in varying amounts. 
The content of the maternal blood, in toxins and specific ambo- 
ceptors, may vary from day to day, and their transmission to 
the fetus is subject to like variations. 

It would require almost unlimited space to consider all the 
pOHsible changes and results, as they would become manifest in 
toxemia and in immunizing responses on the part of the mother 
and of the fetus ; the reader can, however, readily appreciate the 
most important responses in either of them. In case the mother 
absorbs baeillary body-substances from her tuberculous lesions, 
the fetus may receive them from the maternal blood, unchanged 
or in the form of split products, or both, and while it thus 
develops an active immunity against them, it may likewise par- 
ticipate in the mother's toxemia, in case she possesses specific 
amboceptors but in an insufficient amount to reduce the related 
toxin fully. If it is further borne in mind that the baeillary 
body-constituents absorbed by the mother, or the portion of them 
tliat passes the placental circulation, may or may not represent 
all of the several body-constituents of the tubercle bacillus, it 
will be appreciated that the mother or the fetus may acquire 
either a complete or only a partial immunity, and that both can 
vary according to the degree of specific stimulation, and to the 
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frequency of its repelilion to which the tissue {'ells of either of 
them have been subjected. 

In case living viruU'nt tubercle bacilli have also reached the 
maternal circulation during the destructive stage of disease, and 
if not all speciiic amboceptors are present which are necessary 
to cause their destruction, tlieir virulence either may become 
reduced, it may remain unintluenced, or it may even be increased 
if the aggresain- theory of Bail is correct in the sense that the 
living tubercle bacillus can defend itself against injury. Ac- 
cordingly the mother may or may not suffer an extension or new 
localization of tubercles in other organs and parts. 

Although the permeability of tlie placenta by corpuscular ele- 
ments is not generally admitted, that of mucous membranes is 
conceded by most students. If we accept it for the placenta, the 
fetus is subjected to intrauterine infection if virulent tubercle 
bacilli reach its tissues from the maternal blood. 

Inasmuch as the fetus may previously have received specific 
amboceptors from the maternal blood, or the fetal cells may 
previously have been stimulated or may now receive such stim- 
ulation for the first time through hacillary body -substances that 
have passed the placental circulation, its tissues may at once be 
capable, or they may speedily acquire the power of offering a 
sufiicient defense, to prevent or to check the growth-energy of 
the bacilli. The bacilli would then be destroyed or would be 
injured sufficiently to remain latent, and anatomical lesions 
would not occur. In the prolonged absence of such a defense, or 
in case the infection of the fetus has been massive, as it is apt 
to be if the placenta is itself the seat of tuberculosis, tubercles 
woidd form in the fetal tissues, and the time of such an occur- 
rence, the number of tubercles, as also their destiny would be 
influenced by and proportionate to the number of bacilli and 
their virulence. 

The passage, by tubercle bacilli, through normal tissue like the 
mucosa is never rapid and massive; it is more probable that only 
few individual bacilli will thus pass and that, in ease of the 
placental transmission of tubercle bacilli, tbeir passage would 
be similarly limited. This would afford the fetal organism a 
better opportunity of increasing its specific amboceplors and of 
limiting the pathogenic aclioii of the bacilli by opposing or inhib- 
iting their growth nnd multiplication. 
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In tnberculouB mothers, especially those who, during gestation, 
may be properly subjected to specific treatment, the const ituenta 
of the specific preparation, wliatever they may happen to repre- 
sent, and the related specific amboceptors in the blood alternate, 
and a like alternation must obtain in tlie fetus. The specific 
antibodies which are present in tlie newborn ehilJ are then in 
part the products of its own cells, on aceount of active immuniza- 
tion, and in part the products of the maternal cells. The func- 
tion acquired by the fetal organism, of producing free ambocep- 
tors for the related specific products of tubercle bacilli, continues 
active and potential for a long period of time, whereas the trans- 
mitted amboceptors disappear, as in the case of their artificial 
administration for the purpose of pas.sive immunization. 

The increasing frequency with which reliable observations 
indicate that tubercle bacilli are often present in the blood of 
tuberculous subjects, the observation of JI. Much and others, 
which we can confinn, that failure to demonstrate tubercle 
bacilli with iJie carbolfucbsin method of staining does not es- 
clude their presence and that certain forms of them can still 
be demonstrated by Gram's method, is of additional significance 
in the study of the congenital transmission of tuberculosis-in- 
fection, and if the latter is considered in the light of the fact 
that varying degrees of active immunization can obtain during 
fetal life, we must necessarily reconsider the general denial 
of the importance of v. Baumgarten's studies and investigations. 
It is well known that Professor v. Haumgarten attaches great 
importance to the relation of congenital infection to the occur- 
rence of tuberculosis in later years, and the number of those 
who are more recently adjusting their attitude in his support, 
is steadily increasing. The objections heretofore urged most 
frequently to v. Baumgarten's position, namely, that it postu- 
lates so long a period of latency between infection and the 
occurrence of clinically manifest tuberculosis, fall to the ground ■ 
if we are correct in our belief that the fetus may acquire an 
active immunity against the tubercle bacillus and its toxins, 
beeauHe in such a case a relative amount of specific resistance 
may be continued for the intervening period during which the 
power of tubercle bacilli for reproduction and virulence may 
be checked and remain latent, and a sufficiency of bacteriolytic 
power, acquired by the fetal organism, can account for in- 
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Btances in which tlie iutra-uterine or a subsequent infection was 
not followed by disease. 

Our observation of specific amboceptors for tubercle bacilli 
and their several constituents, in the sera of children at birth 
and in two of them up to four and sis years thereafter, the 
continued exposure to infection, the negative results of cu- 
taneous tests after v. Pirquet's method, and the bactericidal 
power of their sera upon virulent tubercle bacilli, all tend to 
confirm the view that an active and complete immunity ob- 
tained in them prior to their birtli and that it was probably 
augmented by the treatment which their mothers received dur- 
ing gestation with increasing and eventually large doses of the 
Watery Extract of Tubercle Bacilli. 

The difference in the antibody- con tent of the sera, between 
them and other children born of tuberculous mothers who had 
not been treated specifically, is only quantitative, and while 
among the children of non-treated tuberculous mothers we found 
the antibodies to be, as a rule, only partial, often in small 
amounts, and although in some cases we found none at all, 
these findings fully support the view that an active immunity 
can be acquired by the fetal organism through the transit of 
the related specific antigen from the mother's blood to that 
of the fetus, since the children of treated mothers showed it 
in greater amount, including amboceptors for all aniigens with 
which their sera were tested. 

We have already referred to Reihmayr's theory which is of 
interest in connection with the subject of the congenital origin 
of tuberculosis. In regard to the latter, it would, however, be 
erroneous to assume that v. Baumgarten denies the occurrence 
of epidemiologic infections, or that he underestimates their im- 
portance, although he believes them to occur less frequently 
than is generally believed to obtain at the present time. Opin- 
ions in regard to the importauce of one or the other modes 
of infection can only relate to the question of frequency, and 
however this may he found to be, we are not in a position to 
relax our preventive measures against the exposure of chil- 
dren, or even again.st the exposure of adults, because the chil- 
dren may have acquired a prenatal infection, or because most 
infections appear to have been contracted before the individu- 
als have reached adult age. 
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In tbis respect it is important to bear in mind that it is pos- 
sible for a superinfection to occur at any age and that this 
may become the deciding factor in the eatablishment of mani- 
fest disease, as v. Behring believes it to be. 

We were forcibly reminded that this question is an impor- 
tant one, by our observation of the results of superinfection in 
laboratory animals, which vyll be considered further in a sub- 
sequent chapter. Here we wish to point out that, in small ani- 
mals lite guinea-pigs, superinfection proved most disastrous in 
our experience and that we could not confirm Koch 'a statement 
according to which a second infection fails in this class of ani- 
mals, or that it remains confined to the local infection site which 
heals spontaneously after breaking down. We found, on the 
contrary, that a superinfection may kill a guinea-pig even in the 
course of a few days, that the primary infection becomes greatly 
intensified in animals which live longer, and that the second 
infection may cause the rapid evolution of new miliary tuber- 
cles in internal organs, and cause focal necrosis. 

According to our observations, the course of tuberculosis in 
guinea-pigs docs not differ in any important essential from that 
in the human subject. We find that it can assume any type, 
from the acute miliary to an extremely chronic one which re- 
sembles the so-called fibroid phthisis of the human subject with 
coexisting signs and multiple pulmonary cavities and, in at 
least one case observed by us, the tuberculous lesions consisted 
only of fibrous tissue. We have had occasion likewise to wit- 
ness a remarkably detrimental influence from the occurrence 
of associated infections with other bacteria upon the course of 
the disease in guinea-pigs, for when such an infection was pres- 
ent, the course of our infection with tubercle baeilli, as a rule, 
was influenced unfavorably. 

These observations we believe to correspond in all respects 
so closely with those made in the course of human tuberculosis, 
that we may well infjuire whether or not there is in fact an 
exception in the case of virulent superinfection in tuberculous 
children or adults, and whether the effects of superinfection in 
them are nol after all only relative and appear less severe in 
the human subject or in larger animals, by rea-son of differ- 
ences in genera) resistance and in their relative size. 

In the course of our experimental studies, our attention has 
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been directed also to a possible adverse infiuence of a slight 
degree of acquired immunity upon the course of artificial iu- 
fection. Although such large numbers of tubercle bacilli as 
must be used in artificial infections in order to assure the uni- 
form occurrence of tuberculous disease in comparative experi- 
ments, are not at all likely ever to invade the human organism 
at one time, and the mode of infection differs in that the bacilli 
are not subject to the mechanical defensive provisions against 
their entrance into the tissues, but are introduced directly in 
large numbers at the site of infection, the subject nevertheless 
became of interest to us. Oui- observations were exceptional 
and our opposite results in other experiments of the same kind 
suggest a coincidence. The facts, which we noted as long as 
twenty years ago and on various occasions since, were that cer- 
tain animals, which were infected after a course of specilie 
treatment with various products of tubercle bacilli, appeared 
to lose weight, showed enlarged regional lymph glands and 
caseous changes at the infection sites, died of tuberculosis 
earlier, and on autopsy showed more extensive and severe types 
of disea.se of internal organs than we observed in controls. 
While such results were noted with increasing fretiuenoy in 
animals which had acquired pseudo-tuberculosis, they were noted 
also in instances in which it was impossible to show that pseudo 
or other spontaneous infections had either preceded or fol- 
lowed ours. We found the lesions to be typically tuberculous, 
and the mo.st painstaking bacteriological studies failed to dem- 
onstrate the presence of other microorganisms in the diseased 
or normal tissues including the blood. In sections stained for 
tubercle baeilli, these were so numerous at times as to attract 
attention. No paeudo or other infections being demonstrable 
and the conditions of infection having been identical in both 
the principals and the controls, an explanation of the anomalous 
observations had to be sought in the animals themselves. Hav- 
ing failed to find one and having noted a like behavior repeat- 
edly, we have naturally thought of Bail'-s Theory of Agoke-s- 
siNS, by which our observations would become intelligible, in 
that it permits the assumption that the tubercle bacilli, which 
had been introduced, were subjected to Ibe action of certain 
specific antibodies of the partially immunised animal, or of 
antibodies which were contained in the serum with which they 
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( incubatLil. Altliougli insufficient to (kstroy the tiibtTcle 
bacilli, these specific antibodies could nevertheless tend to iu- 
Hict injury upon them. This being the case, Ihe tubercle bacilli 
produced what Bail calls aggressina, for tbeir protection against 
the action of the anlibodies, and these aggressing destroytd or 
neutralized them or prevented their action by causing a nega- 
tive chemotaxis. This would constitute a specific resistance 
acquired by the bacillus, very similar to that which is acquired 
by the animal organism, there being, in either case, an increase 
of a cell-function for a protective purpose. 

If this were the true explanation, it would mean that under 
certain conditions the existence of a slight or partial degree of 
immunity may become equivalent to a specific predisposition, by 
arousing the defensive function of the tubercle bacillus and 
thus increasing its virulence. The interactions and reactions 
which follow would represent the usual struggle for ascendency 
between the parasite and the host, which could not arise in the 
presence of a full degree of immunity in the host-organism, 
because its tissues and fluids would possess ample baeteriotytic 
power to kill and to cause the disintegration of the tubercle 
bacilli before they could develop their latent function of defense. 

The literature upon experimental immunization against the 
bacillus of tuberculosis contains numerous observations corre- 
sponding with the facts which we observed and have mentioned, 
in that the treated animals sometimes succumbed very soon to 
ai'tificial infection and before the controls died of tuberculosis. 
While we do not at all wish to be understood as advancing a 
theory of specific predisposition, or of supporting those who 
still adhere to it, such a relation is at least thinkable. 

In the meanwhile we remain aware of the fact that, if our 
theory or a similar one were found to be true, it would be nec- 
essary to reeon.sider certain other theories in the etiology and 
in the specific treatment of tuberculosis, and to examine again 
the facts upon which they are based. While the study of the 
above and of many other questions in tuberculosis is important, 
it is so ebiefly for the elucidation of the true relation of facts 
observed in Ihe clinic and in the laboratory, and for the cor- 
rection of our current tlieories which have been built upon fbem. 

In continuing our efforts to find the truth, we may hope to 
approach it more closely or actually to demonstrate it; but we 
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are also liable to replace an existiug erroneous theory by an- 
other one equally so, or indeed to abandon a true inter p relation 
for a wrong one. Pending the consideration of sueh moot ques- 
tions, the clinician mnst hold East to bis experiences at the 
bedside and remain undisturbed, while he continues to be au 
interested spectator of the struggle of investigators to find the 
truth. There should be no partizan attitude on his part or on 
the part of hira who has the opportunity to conduct such in- 
vestigations, with a view of upholding any particular theory, 
even though it has originated with liiraself. The end sought 
being the prevention and cure of tuberculous disease, the clin- 
iciaa must ever remain the umpire and, in order to render a 
true verdict in the settlement of any of the many moot ques- 
tions, he, as well as those who study them experimentally, must 
observe and examine all evidences with au open mind. 

The acquirement of natural immunity by the human race, 
against tuberculosis, in accordance with the theories of Reib- 
mayr and others, would no doubt require many centuries, dur- 
ing the earlier ones of wbieb the mortality, although diminish- 
ing, would continue to bo high. While the antituberculosis 
movement offers better prospects as regards time that this 
mortality will decrease at a more rapid rate and thereby lessen 
the number of infections as well, its efforts to eliminate the 
opportunities for exposure to infection would, according to 
Reibmayr's theory, tend to lessen the hereditarily transmitted 
specific resistance. In any case, a long and hard struggle is 
still before us, even though we continue Ihe general campaign 
in increasing intensity. 

All students of the subject must therefore realize that the 
only prospect for an earlier success lies either in the discovery 
of a method of treatment which will cure tuberculosis with 
certainty in its advanced stages, or in a reliable and practical 
method of protective vaccination, which will prevent the devel- 
opment and evolution of tuberculous disease after infection has 
taken place. 



CHAPTER II 

IMMUNITY IN INFECTIOUS DISEASES 

Broadly speaking it may be said that infection is the in- 
vasion of the living body by a pathogenic microorganism, and 
the ability of the invader to multiply and functionate within 
the cell-complexes of the host which, through these foreign 
life-processes within it, is disturbed in its own normal func- 
tions, reacts to the invasion, and does or does not become dis- 
eased, accordingly as its defensive reaction is not or is suc- 
cessful. The invading microorganisms (bacteria, protozoa, etc.) 
thus assume the role of parasites. 

A sharp distinction between pathogenic and non-pathogenic 
microorganisms or between parasites and saprophytes cannot 
be drawn, because their power to produce disease in the organ- 
ism of the invaded host is relative and depends upon various 
factors. Human and animal organisms constantly harbor a 
great many bacteria upon their cutaneous and mucous surfaces, 
which ordinarily cause no infection because they do not invade, 
and multiply in the physiological interior of the body ; and even 
if they do, they are usually destroyed promptly. Under cer- 
tain conditions, however, for instance, cell-death, they may en- 
ter the tissues and become pathogenic for them. 

Bacteria, which are capable of producing disease in their 
host, are chiefly of two kinds. The first remain at or near 
the point of entrance, where they secrete poisonous substances 
which are absorbed and are carried into the interior of the 
body in which they produce disease by intoxication, as is the case 
in diphtheria and tetanus. The second localize and multiply 
within the body and may be carried to other parts by the cir- 
culation. They cause disease, mechanically, through the tissue- 
reaction which they set up (for instance, tubercle, typhoid 
ulcer), or by embolism in the capillaries, or by poisonous sub- 
stances mainly derived from their bodies after their death and 
disintegration. The degree in which they do this constitutes 
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what is desigoated as virulence, whereas the opposing efforts 
on the part of the organism are spoken of as resistance. 

Virulence of diseaae-produeing niicroorganisuis, or their power 
to cause actual disease, and the manifestations and course of 
the latter vary in degree, not only for the particular species 
of animal, but also for individualH of the same species and, in 
the latter case, according to the localization where the micro- 
organisms have established themselves. Virulence varies again 
according to the previous conditions under which the micro- ■ 
organisms have grown and perpetuated themselves and accord- 
ing to the conditions to which they are subjected during the 
time intervening aflor leaving, or being discharged from the 
old, and gaining entrance into the new host. 

The ai'complishmcnt of the infection, in the sense that it is 
followed by evidence of disease, appears lo be governed also 
by the number of tJie bacteria which gain entrance, although 
in theory this should influence only the rapidity with which 
evidence of disease follows; unless a quantitative relation may 
be assumed to exist, in the sense that the resistance yields to 
greater numbers of bacteria, when it is effective against smaller 
ones, as it seems to be the ease in experimental infection. It 
must, however, be taken into consideration that, even in experi- 
mental infections, it is not possible to know the number of 
viable bacteria which are present in the tissues, secretions, or in 
the suspensions made from pure cultures, which are used for 
the infection, and that nothing at all can be known, in the case 
of epidemiol{^ical infection, of the number of bacteria that 
prove effective. For practical purposes, however, we are justi- 
fied in accepting a numerical relation in both eases. 

According to the supposed massiveness, intensity or virulence 
of an infection, to the rapidity with which the bacteria mul- 
tiply, and to the degree of opposition with which the infec- 
tion is met by the host -organism, the results observed in the 
course of the infectious disease are differentiated by most au- 
thors as malignant or fulminating, acute and chronic. 

There is a period of incubation between the invasion of the 
organism by microorganisms and the siieoessfnl establishment 
of infection leading to the related infectious disease, which rep- 
resents the time necessary for growth, distribution and accumu- 
lation of the bacteria or their toxic products and which, strictly 
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speaking, establishes and limits the iufectiou itself. Voii I'ir- 
quet & Schick ' sug^-st tliat this time may correspoud roughly 
with the interval during which the subject is becoming "aller- 
gic." II, Koeh • has found in three observations of known tu- 
berculous infection in children, that a positive v, Pirquet reac- 
tion could be elicited about seven weeks after the bacterial 
invasion. 

The period of incubation can be determined only if the time 
of exposure is known, and also the time wheu the virus actually 
gained entrance into tlie tissues, conditions which ordinarily are 
complied with only in the osperiment, while in spontaneons in- 
fections the time of incubation can be reckoned only from the 
time of a known exposure. The period of incubation has been 
found to be fairly uniform in acute and in some chronic infec- 
tious diseases. 

In tuberculosis we find that, in the experiment animal, the 
period of incubation appears to be intimately related to the 
virulence and massiveness of the infection, as well as to indi- 
vidual peculiarities of the infected animal, its age and size, etc, 
and to other, unknown, factors which appear to exert an in- 
fluence. It frequently happens after experimental infection, 
when conditions are equal in alt respects, as far as we can 
judge, that some animals show symptoms of tuberculosis, or 
even die of it, at a time when others as yet appear to be en- 
tirely uninfluenced and live much longer, often twice as long 
as the first. The supposed non- resistance of guinea-pigs to 
tuberculosis- infect ion therefore is only relative and, in certain 
individual animals, it may occasionally be changed even to a 
complete resistance, if the virulence of the culture of tubercle 
bacilli used for infection is moderate or slight. Several observa- 
tions have come to our notice in which guinea-pigs resisted the 
infection completely, when other animals of the same group 
snccumbed under identical conditions of age, sex, weight and 
subsequent care, and under identically the same mode of in- 
fection made at the same time, with like doses from the same 
emulsion of a known virulent culture. This difference in the 
response to infection appears to be still greater in larger animals. 

In man it is. of course, rarely pos.sibIe to determine the time 
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of an infection; even that of exposure often caunot be ascer- 
tained definitely, and nothing at all is known of the number 
or the virulence of tubercle bacilli that may have gained en- 
trance. If then we speak at all of an incubation period, rep- 
resented by the time between the access of tubercle bacilli to 
the tissues and the development of symptoms, it is with the 
understanding that its duration cannot be determined exactly; 
and if we attempt to estimate it from the time of a known ex- 
posure, it is impossible, as a rule, to exclude preceding or sub- 
sequent exposures ; nor would it be proper to base our reckoning 
upon the first positive result of a v. Pirquet t«st, because this 
does not prove that the infection has been established in the 
sense that it has caused tubercle-formation; indeed, symptoms 
and signs of disease may be deferred for months and even 
years, or they need never occur, after a positive tuberculin 
teat has been observed. » 



RESISTANCE OR NATURAL IMMUNITY 

The Romans originally designated persons or nations as 
immune who were exempt from the necessity of paying iasi 
or tribute, and they themselves already extended the applic 
tion of the terra to those persons who did not pay tribute to 
certain diseases and to harmful influences in general, to which 
others fell victims or succumbed. We understand by immunity, 
in a somewhat restricted sense, the freedom or exemption from 
climatic or sporadic influences, more particularly from infec- 
tious or epidemic diseases, as it is observed in species, races, 
and individuals. Immunity is a term denoting au abstract 
idea rather than a concrete fact and, although one may speak 
of absolute immunity, this can mean only an immunity which 

'According ta Much & Leschke [Bcitr. i. Klin. d. Tuberkulase, 1911, 
XZXI, 335] a. poHitive v. Pirquot reaction tnny be produced after tha 
passive transmission of immunity, entirely wiDiout tubercla foriuation. 
Similar observutioiiB liavo buen made by us and by other investigators, for 
instance by Jouseet [BulJ. Acad. d. MSd.; IfllS. 3e afir.; LXXIII, 635.— 
abstr. Jouni. A. M, A., 1015, LXV, 284]. These obaorvations tend to 
show that a positive v. Pirquet teat indicates the reactibility or lijper- 
senHibility of the organism to a certain bacterial Bubatanci}, but not nocea- 
tarily an infection with Uie related bacterium. 
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is effective iiuder ordinary conditions, for even Ihe supposedly 
ab-solute immunity o£ species, as for instance that of chickens 
to anthrax or to tetanus, can be overcome. 

An immunity to inflections diseases is not enjoyed only by 
individuals, but in a characteristic of species in animals. It is 
well known that certain infectious diseases, common in man, 
are not observed in animals, as for instance syphilis, typhoid 
fever, cholera, scarlet fever, measles, etc., and that man is prac- 
tically exempt from others, like rinderpest, distemper of horses, 
[ileuro- pneumonia of cattle, goats and sheep ; whereas both man 
and animals are liable to some infectious diseases like tubercu- 
losis and anthrax. 

Similar observations could be cited from the vegetable 
kingdom, showing that certain species of plants are subject to 
parasitic diseases from which others are free. 

Coldblooded animals arc almost absolutely immune to infec- 
tion with bacteria that are virulent for man, and vice versa; 
but exceptions have seemingly been observed, like in the two 
cases of spontaneous pulmonary phthisis and pulmonary tu- 
berculosis in turtles described by Priedmann in 1903, both of 
which were probably due to infection with tubercle bacilli of 
human origin; other authors have succeeded in producing ex- 
perimental tuberculosis in coldblooded animals with human and 
bovine bacilli. 

Such observations are, however, not made under ordinary 
conditions and. in order to overcome the resistance of species, 
special modes of infection are required or the animals arc made 
receptive by exposure to cold, hunger, change of temperature- 
conditions, and by other influences which alter their normal 
vital processes. 

An increased resistance appears to be characteristic for cer- 
tain races of the same species, against a given infection, and is 
illustrated, for instance, by the resistance of Yorkshire hogs to 
8 wine-erysipelas and that of buffalo calves to artificial infec- 
tion with large amounts of bovine tubercle bacilli; also in the 
comparative resistance of Algerian sheep to anthrax and to cow- 
pox. A like racial resistance was believed to esist in certain 
races of man to infectious or contagious diseases prevalent 
among Caucasians, especially tuberculosis and phthisis; but the 
as.<n]mption proved to be unfounded with more extensive obser- 
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Viilioii. Ill fact, so-called ntw races were t'nmui to be peculiarly 
noo-resislaDt to such diseases after they hail once been exposed 
to infection, and still more after they had proved apt pupils 
iu acquiring the evil and undesirable offshoots of eivilizatJoUt 
by which the benefits of their former natural modes of life were 
lost and their natural resistance was impaired. In those in- 
stances in which a racial immunity seemingly exists, for in- 
stance, in the different susceptibility of Europeans, and of abo- 
rigines of various countries to bubonic plague, to cholera, etc . 
the cause may be a hereditary transmission of specific re- 
sistance ; but the observations of this kind may also be explained 
by differences in the hygienic and other conditions of life, since 
the better situated classes or castes of natives are likewise af- 
fected less by such diseases than are the poorer portions of the 
population. In many ca.ses an apparent natural resistance is 
in reality acquired, for instance that to malaria and to yellow 
fever in the negro. 

The natural resistance may be subject to considerable varia- 
tions in individuals of tlie species. We have already referred 
to our observations in regard to differences in the response to 
artificial infection with tubercle bacilli in the guinea-pig. That 
such differences in resLslanee are liable to occur also in the 
natural acquirement of the disease, we had the opportunity of 
witnessing in animals which had acquired tuberculosis spon- 
taneously. In ONE such animal the evidences of healing were 
so uniformly marked, In the form of fibrous changes in every 
tuberculous lesion found on autopsy, that death could not be 
attributed directly to tuberculosis, but appeared to have been 
due to a loss of function on the part of the involved organs, 
the degree of which would have been insufficient to cause 
serious disturbance in a large animal with a like extent of 



Differences in resistance or in susceptibility to like harmful 
influences are manifest more particularly in man, it being a 
general observation in every epidemic that many persons prove 
resistant to scarlet fever, smallpox, typhoid fever, influenza, 
etc., without having passed through previous attacks of these 
diseases, and that even in severe cholera or plague epidemics 
only a portion of the population is affected, although practically 
every one appears to have been exposed in an equal degree. 
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Similar observations are made in epideraies in animals, for in 
stance, in foot-and-mouth disease. 

The resistance or immunily which is sufficient to protect cer- 
tain species of animals, including man, against parasitic in- 
juries that ordinarily are communicated by contact, differs from 
tiie immunity which is acquired by inoculation or by passing 
through an attack of a certain disease, or by protective vacci- 
nation against it, and has been designated as Natural Kesisiance. 
or Natural Immunity. It was assumed to exist not only in 
classes but also in individuals, in so far as they were found 
to resist infection iu epidemics or in other indubitable ex- 
posures. 

If it is considered that most bacterial life is ubiquitous and 
that some pathogenic bacteria are distributed in nature so uni- 
formly that coutaet with them cannot be avoided by the ani- 
mal and human organisms; if it is realized furtlier that these 
microorganisms follow the natural law of seeking sustenance 
wherever it may be found, and of overcoming hostile influences 
wherever this is possible, it is easy to appreciate that the organ- 
ism would speedily succumb to the aggression of its multifarious 
bacterial enemies, if it were without the means of resisting 
their invasion. By their presence and activity a balance is 
maintained between macro- and microorganic life, neither of 
which obtains a lasting ascendency over the other, except under 
unusual, that is to say, abnormal conditions. The ability to re- 
sist bacterial action is dependent primarily upon the continua- 
tion o£ life, for immediately after death, either of the whole 
body, or of a part owing to the permanent localized suspen- 
sion of the blood supply, certain saprophytic bacteria (putre- 
factive bacteria) are able to multiply and to exert their ac- 
tivity. 

During life, the harmful action of microorganisms depends 
largely upon the efficiency of the resisting forces which the 
organism possesses normally, or which it ia capable of devel- 
oping in the event of infection. These resisting forces are not 
equally potent against all varieties of infections; the same or- 
ganism may possess an absolute immunity against certain raicro- 
organism.s and it may. at the same lime, be very susceptible to 
infection with others. Between the extremes, all degrees of 
relative resistance exist, which determine the predisposition to 



52 IMMUNIZATION AGAINST TUBERCULOSIS 

the acquirement of an infectious disease, or the Jmrnnnity 
against it. 

The access of bacteria into the living organism is resisted by 
several defensive provisions. The outer lines of defense in- 
clude the integument, and the skin is usually sufficiently im- 
pervious to prevent the entrance of bacteria, so that these can 
cause infection only if a solution exists in its continuity, at 
least of the epidermis. The mucous membranes are not abso- 
lutely impermeable; even if they are not injured, they often 
form ports of entry for various bacteria. Excejit for genital 
and rectal infections, the bacteria are introduced mainly with 
the air, water and food, and they may determine either respira- 
tory, gastro- intestinal or generalized infections by lodgment in 
the respiratory or digestive tracts. In either ease the sur- 
face-discharges and secretions, and the epithelial covering of 
the mucous membranes (especially those of the pavement- and 
ciliated varieties), the natural peristalsis, the normal secre- 
tions, and the admixture of fluids and solids in the digestive 
tract, tend to prevent the entrance and localization of bacteria 
mechanically, or then to inhibit their multiplication. 

After the outer lines of defense are overcome, the invading 
bacteria are further opposed by an internal line, consisting of 
mobile and sessile cells which attempt to remove and to de- 
stroy them by their phagocytic action. The bacteria are then 
subjected also to the normal bactericidal action of the blood and 
tissue-fluids, of the secretions of certain excretory glands, and 
of the lymphoid tissue. There is, however, evidence that the 
bacteria may increase their offensive power, by multiplication 
and by special and specific provisions, for the purpose of pro- 
tecting themselves against the action of the internal defensive 
provisions of the organism, namely, by capsule- and spore-for- 
mation, and by poisonous secretions. We have already referred 
to the latter to which Bail ' has devoted special attention and 
concerning which he has published most interesting observa- 
tions. His theory of the aggressins, as defensive secretion- 
products of the tubercle bacillus, is well known and is supported 
by similar observations, in our country, for instance, by those 
•OsKAR BaI!.; Wien. klir. Woeli.; IBO.-i, XVIII, 211; 547; 1212.— Areh. 
f. Hyg.; 1B15, LII, 2T2; LIII, 302.— Fol. SeroL; IBll, Vn, 119, and 
clwirhere. 
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" and by those of Rosenow' who calls them viruUns, 
that is, the substamt's upon which virulence would seem to de- 
pend. In like manner, or in a Rimilar manner, the organism of 
the host is ahle to respond to infection by a<iditionaI defensive 
provisions the aclivation of which results in reaction-products 
in the form of antibacterial substanccR which are spt'cifie against 
the related pathogenic mieroiirganisms. 

The outcome of the struggle between the invading bacteria 
and the invaded host may be a complete victory on either side; 
but it may also remain undecided, an apparent balance being 
maintained for a time between the offensive and thy defensive 
forcfis, until one or the other gains the ascendeney. In ehrouie 
affections like tubevculosis, the result often is only a partial 
one; the bacilli are not destroyed but become surrounded and 
imprisoned by a peripheral, fibrous enclosure of the territory 
which they occupy, formed by the activity and proliferation of 
cells and by their organization into connective tissue which he- 
comes condensed and forms a fibrous capsule. Such an en- 
closure prevents the escape of the prisoners, if it is complete, 
and they are subjected, within it, to a tedious process of star- 
vation; hut they are likely to escape as long as their destruc- 
tion is not fully accomplished. On the other hand, the fibrous 
capsule prevents, to a certain degree, the access to the bacteria 
of the tissue-tiuids which may carry spcfific antibacterial sub- 
stances and may therefore injure those bacteria with which they 
come in contact. 

Prediaposltion 



The observation that certain persons yielded or succumbed 
to certain infections, while others resisted them, forced the 
theory of direct heredity or of inherited predisposition to dis- 
ease upon the minds of observers. The direct inheritance of a 
disease, or the transmission of peculiar humoral and structural 
conditions which cause this disease to appear in the offspring, 
was accepted generally and had full sway in the etiology of 
scrofula and of consumption of the lungs, an explanation which 
appears to have satisfied most medical observers as well as the 

'W«. H. Wei-ch; Brit. Mea. Journ, 1902. II, 1105. 
•E. C. BosENOW; Journ. Infect. Die. 1907, IV, 285. 
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publk at large for a long time. With advancing facilities for 
the study of the disease, during its course and progress and 
after its termination, the theory of its direct inhcrilanee, or 
at least of the inheritance of the humoral and structural abnor- 
malities, was found insufficient, and the causes which might 
lead to its development had to be extended in order to ac- 
count for cases in which hereditary influences in either sense had 
to be excluded. 

Taking for a standard the normal organism with its pro- 
tective functions unimpaired, any particular deficiency was 
properly considered in its relation to the more ready acquire- 
ment of a certain disease. The more frequently the particular 
deficiency preceded the appearance of the disease, the more 
probable appeared its causative relation. Wbcn a variety of 
such deviations from the normal standard had been in evidence 
before the outbreak of the disease, they were made the subject 
of separate or collective investigation, and in phthisis the num- 
ber of apparently related causes became so great that Riihie ' 
said truly that whatever seems capable of making man ill had 
been accused as a cause of pulmonary phthisis. 

Of all diseases it was pulmonary phthisis which appeared to 
supply the most striking examples of inherited and of acquired 
predisposing influences, a fact which accounts for another one, 
namely, that in no other disease has the study of the subject 
been so extensive and so intensive. In the light of its bacterial 
origin, the theory of a direct inheritance of the disease was 
abandoned by most students, but that of at least an inherited 
predisposition to its acquirement found almost general accept- 
ance, since the prevalence of pulmonary phthisis in families was 
a matter of the most common and constant observation. The 
numerous instances in which the disease appeared to have 
skipped one or more generations, and those in which no family 
relation could he ascertained, made it nece.ssary to admit the 
possibility of its independent development and to accept an 
acquired predisposition. In this manner the inquiry was ex- 
tended to the causes which favored and perpetuated the in- 
dividual loss of the normal resistance enjoyed by tlie majority 
of the human race. 

'H. ruble; in v. Ziemsaen'a Ilaniib, d. SpeB. Path. n. Ther. Leipiig, 
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It waa but natural that the infiuence of other diseasos, espe- 
cially of those which appeared to weaken the orpanism and to 
induce a low stale ff nutrition, should bo brought into causa- 
tive relation, and that the theory to account for its acquirement 
should then be extended to olher depressing influences, mental 
and eovironmental, including want of proper general and per- 
sonal hygiene, unfavorable climatic conditions, and also physi- 
cal defects as they are noted in the bodily development espe- 
cially of the chest. The supposed related causes could thus be 
ext«nded indefinitely and it was quite logical to include the 
influence exerted by food, and that of the metabolism. Finally 
the results of all these observations culminated in the accept- 
ance of the dictum that anything which disturbed the physio- 
logical balance of the organism may contribute toward the ad- 
vent of phthisis and is therefore a predisposing factor. We 
had then arrived at a much broader view of the related causes 
which favored the occurrence of pulmonary phthisis and, while 
there were investigators who considered the direct hereditary 
transmission, or the direct infection as the most frequent or 
as the only cause of the disease, others held other factors to 
be of equal or of greater importance. 

The therapeutic measures were of course based upon the pre- 
vailing theory of cause. For the comparatively few observers 
who could accept only the action of direct prenatal influences, 
little if anything was available beyond symptomatic treatment, 
and the lack of accurate diagnostic methods gave tliera ample 
means for tlie explanation of exceptional cases which terminated 
in lasting improvement or in apparent recovery. More light 
came with the increasing evidence to the effect that phthisis 
was in fact an infectious disease depending upon the presence 
of a specific vir-is in the diseased organs and in their secretions 
and excretions and the theory of predisposilion was accord- 
ingly modified, in that this virus would prove infectious, chiefly 
if not solely, for those who were subject to a hereditary or to 
an acquired predisposition. 

Our therapeutic procedures were thus broadened in scope and 
extent according to our expanding conceptions of the causes 
of the predisposition. After the discovery of the nature of the 
virus and of the modes by which it gains access 1o the tissues, 
the therapeutic procedures were supplemented still further by 
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germicidal preparations, especially of creosote which, at least 
for a time, became the routine prescription for the eonsumptive. 
So it came to pass that, according to the theory which the 
therapeutist entertained, he was an absolute pessimist, because 
in his conception the cause of phthisis was inherited; or if not 
directly so, he held that the person with a consumptive taint or 
stigma was doomed because he had certainly inherited the spe- 
cific predisposition; if he lived long enough for an exciting 
cause to become operative, this would end in the disease. Or 
the physician was more hopeful because he expected to be able 
to oppose the predisposition and the progress of the disease 
by preventing or removing the causes as they appeared to him 
relevant, by adopting whatever means he believed suitable and 
available for the individual. In this manner our present die- 
tetic-hygienic method of treatment was evolved, with such addi- 
tions as were deemed worthy of acceptance with the increase 
of our knowledge. 

In the meantime the increased interest in physical and other 
methods of diagnosis, especially the introduction of the tubercu- 
lin tost, and no less the frequent autopsy-findings of tubercu- 
lous lesions, in all stages of evolution, in persons who had died 
from other causes and who had, at no time before, presented 
symptoms of phthisis, caused the more general recognition of 
the fact that phthisis is secondary to, and constitutes the open 
or destructive stage of tuberculosis, thus showing that a very 
large number of the supposedly predisposed class was actually 
in the early or purely tuberculous stage. Soon after the dis- 
covery of the tubercle bacillus, the dictum "no bacillus — no tu- 
berculosis" found many adherents, and the contributing factors 
or predisposing causes, for a successful infection or for the de- 
velopment of tuberculosis, were more or less ignored if not en- 
tirely denied; they came to possess only a historical interest, 
especially for the bacteriologist to whose verdict many clinicians 
yielded in spite of their contrary clinical observations. 

The signs and symptoms of predisposition for tuberculosis 
now had become those of early tuberculous disease, and those of 
phthisis merely indicated a more advanced stage. Prevention 
of tuberculosis meant the destruction of the bacillus before it 
gained entrance into the tissues or organs of its victims. Treat- 
ment meant to oppose the life and growth of the tubercle 
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bacillua and ite extcnsioa in the infected organism, and natu- 
rally the earlier stages of tuberculous disease offered the best 
opportunity for success. 

As in many other problems of the disease, actual clinical 
manifestations eould, however, not he set aside entirely, even 
though the clinician had to admit, in most instances, that the 
signs and symptoms of a predisposition were in fact those of 
a preceding infection, and that, when they were present, a 
previous exposure could at least not be disproved. There re- 
mained, however, for the clinician the great differences in thu 
course of the disease, which he could not ignore and which had 
to be accounted for. The fact that in some individuals the clin- 
ical course of tuberculosis was rapid and severe, as compared 
with that in others, su^ested that these persona after all rep- 
resented a predisposed class. The contagion ist^j explained this 
difficulty by showing exciting causes for the development of 
phthisis, which were numerous and variable in their effect 
and aggravated the comparatively benign course of purely tu- 
berculous lesions by incidental inflammations and by disturb- 
ances in the local and general nutrition of the affected part and 
of the body as a whole. Intervening affections like influenza, 
other acute diseases, trauma, exposure, and chronic affections 
which had previously been taken for predisposing factors, were 
in their view only exciting factors for phthisis, and it was as- 
serted that these exciting causes remained inoperative without 
previous tuberculous disease, however slight it might be in 
extent, "No tiibercle without the tubercle bacillus; and no 
phthisis or generalization without tubercle" became now Ihe 
accepted dietum. The course of phthisis was apt to differ, ac- 
cordingly as detrimental accidents befell or did not befall the 
individual. The hygienic and dietetic treatment was vindicated 
and, in like manner as it often prevented the advance of tu- 
berculosis to its destructive stage, so it was believed to oppose 
•the advance of the latter and to favor reparative processes and 
the arrestment of the phthisical disease. 

It waa quite natural that many of those whose experiences 
and studies had committed them to the theory of a predisposi- 
tion, should continue its advocacy with whatever support they 
found inconsistent with its entire abandonment. In this re- 
spect they were able to offer not only valid theoretical, but also 
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unquestionable elinicftl data which, to say the least, made i 
appear that the subject was more complex and could not be 
explained satisfactorily by the simple theory of infection and 
tubercie-fonnation, and by the influence of exciting causes and 
detrimental influences in general, as determining the advent of 
destructive processes as well as their subsequent course, especially 
as we witness these at the bedside. 

One of us has, for nearly half a century, been an interested 
student of this subject in all its itiauy and variable phases, and 
has been able to cheek his own observations in the light of all 
the theories that existed prior to, and were advanced during 
this period. Ilis own studies and those of others have, for 
some years, caused him to seek for additional light which might 
reconcile the opposing theories as they appear above briefly 
outlined. 

Fully conscious that predisposition and resistance are in real- 
ity relative quantities, it appearetl to him probable that the 
resistance might be specific and that, even if it were not trans- 
missible from parent to offspring, there was at least no valid 
objection to the assumption that it mifiht be acquired in the 
course of the disease. The study of Reibmayr's publication, 
which was referred to in the preceding chapter, was espe- 
cially conducive to considerations of this kind and, as will ap- 
pear in the practical and experimental details in Parts II and 
III, he has met with much encouragement and support in his 
belief that both contingencies are possible and that, if these 
studies are continued, they will in time tend to reconcile the 
opposing views in regard to predisposition. 



The demonstration, in the latter part of the last century, 
that certain micro<>rganJsms stand in cau.sal relation to certain 
infectious diseases, raised questions without number, to which 
answers were urgently required, in order to explain the inter- 
action between the invading bacteria and the invaded host. It 
needed to be explained not only how certain bacteria can 
cause certain diseases, but also why Iheir invasion is not always 
followed by the related disease ; for it had soon been found that 
not every infection leads to disease but that, under certain 
conditions, the organism is capable of resisting the pathogenic 
action of the bacteria. The interaction between bacteria and 
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oi^nism ttius became a question of the relation between action 
and reaction, or between infection and resistance, and it was 
necessary to study the mechanKm of this resistance. 

The subject of resistance to infection and to infectious dis- 
ease fills some of the most interesting and fascinating chapters 
of the records of medical research. The study of the nature 
of resistance, its cause or causes, the modes of its manifestations, 
and the causes of its failure has given rise to various theories 
designed for its elucidation. It is not our purpose to critically 
examine, or even to relate in detail, the several theories now 
in vogue, which attempt to account for the various phenomena 
of natural resistance to the acquirement of certain infectious 
diseases, as they are observed in families and species of ani- 
mals including man. The theory of adaptation, selection, and 
survival of the fittest, with the ultimate hereditary transmission 
of acquired or favorably modifieil defensive functions or pro- 
tective provisions, is perhaps the most generally accepted and, 
if carried far enough, it can be made to include all other 
theories and to apply to the natural immunity of species, races 
and individuals. 

The Soil Tiieokt explains the relation of natural resistance 
to certain bacterial diseases by conditions of metabolism, of 
temperature, etc., because of which the soil is chemically or 
physically favorable or unfavorable for the propagation of a 
particular kind of invading bacteria. The importance of meta- 
bolic conditions is supported, for instance, by the fact that 
dogs are naturally immune to infection with anthrax, although 
their blood serum is not capable of destroying anthrax bacilli 
in vitro; also by the observation that the diet seems to have an 
inlluence upon the occurrence of bacterial disea-ses, since these 
are often different in carnivorous and in herbivorous animals. 
Bacteria may, however, become adapted, by repeated passage, to 
the conditions of metabolism and of temperature in an organ- 
ism for which they were originally not virulent, and may in this 
manner become pathogenic for the species, the natural resistance 
of which is then suspended for the particular strain of the 
bacterium, 

The importance of the metabolism for the creation of a favor- 
able or unfavorable soil is shown by the great sensitiveness 
which many bacteria show to changes in the composition of 
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their artificial culture media, and to variatious in tbe tempera- 
ture at which they are grown. It has further been asserted 
that it is manifest in the inHueuce of the blood-alkalinity upon 
the propagation of bacteria in the organism, since, in its varia- 
tions, this is likewise an expression of different metabolic proc- 



The Biochemical TnEOKY is of more recent date and is the 
outcome of modern research in the problems of immunity. It 
postulates the necessity of a suitable receptor- apparatus, on 
the part of the cells of the host, identical with or fitting to 
corresponding "receptors" of the bacterial cells or poisons, 
which then can unite with and become anchored to the cells 
of the boat. If the cells of the host do not have fitting receptors 
for the bacterial cell or its toxin, no union can occur; tJie cells 
of the host are not injured, and the bacterial cell or toxin is 
consequently not pathogenic for them and cannot produce dis- 
ease. 

Whatever theory may be adopted for the interpretation of the 
facts which have accumulated through observations of past cen- 
turies, tbe facts themselves are indisputable; they are subject 
to daily eonfirmatiou and may be summarized in the following 
manner : 

(!) Certain infectious diseases do not occur spontaneously 
in certain species or races of animals, even after marked degrees 
of exposure to infection, whereas the same infectious diseases 
do occur spontaneously in other species, 

(2) In the former, artificial infections with the respective 
microorganisms are resisted likewise, whereas like degrees of 
artificial infectious cause the latter to acquire the related 
diseases and to succumb to them under certain condi- 
tions. 

(3) In order to overcome the resistance of the former, it is 
necessary to resort to large doses of the virus, or to special 
modes of infection, or to the adoption of special measures which 
are calculated to interfere with, or to damage or impair the 
normal functions of their organs. 

(4) When the resistance of the former, to an ordinary mode 
of infection, appears to be incomplete, the infection is followed, 
as a rule, only by a local lesion, whereas in the latter the dis- 
ease is not so restricted and follows its normal course. 
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CELLULAR AND HUMORAL RESISTANCE 

In the further study of resiatauce to infection, the exhaus- 
tion theory of Pasteur, the retention theory of Cliauveau, the 
phagocytic theory of Metchniboff, the humoral theory of Buch- 
ner, were advanced among a number of others. Several of these 
theories proved inefBeient and have been abandoned ; but the 
two most important ones, namely, the phagocytic theory and the 
humoral theory, have survived and form to-day a basis for the 
explanation of roost observed facts. While at first they stootl 
in sharp opposition one to the other, the advancing and expand- 
ing knowledge of recent years has led to the conviction that 
both are required to explain satisfactorily what each one had 
attempted to elucidate alone. 

It may be accepted as a general proposition that the theory 
of cellular resistance, especially aa formulated in the phago- 
cytic theory, ser\'es particularly to account for the natural, ge- 
neric and species resistance or immunity to infection ; but it 
becomes insufficient and requires the support of the humoral 
theory as soon as it is a question of an acquired, or of an arti- 
ficially induced immunity to an infection to which the organ- 
ism is naturally more or less susceptible. 

The Cellular Theory of Metchnikoff 

The phagocytic theory of Metchnikoff, as cited by Levaditi' 
is. in brief, as follows: Whenever an organism, which possesses 
a natural (congenital) or an acquired immunity to the patho- 
genic action of a certain virus, is invaded by that virus, a strug- 
gle takes place between it and the phagocytes of the invaded 
organism. In this struggle the phagocytes are victorious in so 
far as they take up the microbes within their protoplasma-bod- 
ies, digest them more or less and thus render them harmless. 
Metchnikoff sees in phagocytosis not a simple mechanical incor- 
poration, but he holds that the ingested bacteria are injured 
and, in the most favorable event, digested and de-itroyed with- 
in the leucocytes, and that the immunity to their invasion or to 
Iheir pathogenic power is manifested in this manner. 

* C. Levaditi ; in Kraub & Levaditi, Handb. A. Tecbnik u. Metliodik d. 
ImiDunitaUforscbujig; Jena, II, 1909, 8. 279. 
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Older observations of Klebs, Waldeyer, Birch-Hirsehfeld and 
others have shown that bacteria are, in the living body, taken 
up by wandering cells. It has also been shown experimentally, 
by Bireh-nirschfeld, Wyssokowitsch, and others, that sapro- 
phytes introduced into the circulation are, like other foreign 
corpuscular elements, taken up by leucocytes and removed from 
the eireulation. Panum referred, in 1874, to an observation of 
Ravitsch that, if bacteria are injected into the blood of living 
animals, they disappear rapidly and perish. As early as 1881, 
K. Roser pointed out the relation between resistance to in- 
fection and phagocytosis, when he said that immunity to in- 
fection depends, in his opinion, upon (1) the relative salt-con- 
tent of the tissue fluids, and (2) the ability of the contractile 
cells of the organism to take up the invading germs. 

It is of infere.st that Koch ° mentioned the intracellular posi- 
tion of the tubercle bacilli, in his first communication on the 
etio!(^y of tuberculosis, where he refers to the fact that the 
bacilli are often seen enclosed in cells, although many are 
free. If giant cells are present, the tubercle bacilli are found 
preferably within these cells. In his second communication*" 
he considers the role of the wandering cells in regard to the 
dissemination of tubercle bacilli, for which these cells are of 
importance. He states that, taking up a bacillus, a wandering 
cell can not go further after it has lost its motility under the 
influence of the parasite. At the place where it is arrested a 
new tubercle -nodule must develop. In this manner, secondary 
foci at distant places, originating through metastasis from the 
first tubercle-eruption, are readily explained. Koch does not 
refer to any injury which the tubercle bacilli suflfer through 
the action of the leucocytes, although he finds that they may 
die out in the giant cells ; usually, however, the cells themselves 
appear to suffer through the action of their bacterial content. 

According to Metchnikoff " the study of these conditions is 
particularly difficult in tuberculosis, because, in the manipula- 
tion of specimens {staining, heating, etc.), many of the cells 
loaded with bacilli burst and discharge their eontents. Metch- 
nikoff expressed the opinion that the leucocytes must accustom 



•B. Koch; Borl. Win. Woeh. 1882, SIX, 221. 

"R. KocH; Mittheil. (i, li. kaisefl, OeBimdh '-niiito. 

"E, MBTCHNiKorr; VirchoWs Archiv. 1884, XGVII, 502. 
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tlicinsclvcs gradually to the iagustioD of substau(;('s wbieli Ibty 
avoid ordiuarily, and that they acquire the ability o£ in- 
gesting virulent bacteria by first taking up atteuuated ones, 
lie thinks it possible that thu giaut cells injure tubercle bacilli 
by secreting an acid substance which is responsible for the 
destruction of the intracellular bacteria. It is also possible 
Ihat after a phagocytic cell bas injured an ingested bacterium, 
it dies and is, together with its content, taken up by another 
cell which then completes the destruction of the bacterium. 

The phagocytic theory was not the result of deliberate stud- 
ies undertaken to ascertain the reaction of the organism to in- 
fection; at least it was not so originally. The primary stud- 
ies of Mefehnikoff were undertaken with a view of clearing up 
the question of intracellular digestion and absorption of for- 
eign elements in the interior of invertebrates, which had been 
denied. When the actual occurrence of such an intracellular 
digestion had been demonstrated, the question suggested itself 
whether the same could also be shown to occur in vertebrates. 
As an application of the results of his related studies, Metchni- 
koff then declared at the Naturalists' Congress in Odessa, in 
1883, that in his opinion the cause of recovery from infection is 
found in the ingestion of the virus within certain leucocytes of 
the infected organism, which he called phagocytes ("eating 
cells"), and in its intra protoplasmatic digestion and destruc- 
tion. In the article which appeared the next year in Virckow^s 
Archiv he expressed the view that phagocytosis occurs as an 
active defense, as an expression of immunity, since he ob- 
served it, tor instance, in animals which are immune to an- 
thrax, but not in susceptible animals. Thi.s declaration of 
Metchnikoff started a long series of studies, undertaken by him- 
self and his pupils, for the purpose of substantiating and eon- 
firming his hypothesis, and of meeting the numerous objections 
which did not fail to be voiced, especially by German investi- 
gators. In course of time the practically exclusive role of de- 
fense against infection, which Mctehnikoff attributed to the 
phagocytes, was modified in order to account for certain phe- 
nomena indicative of immunity, in which no cellular activity 
could be shown, and the phagocytic hypothesis was extended to 
suit the requirements of observed facts and to meet the opposing 
humoral hypothesis. This had become necessary especially when 
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it had been showni that leucocytes, which are entirely freed from 
serum, are almost impotent against bacteria. 

According to these modifications, antibacterial substances, the 
presence of which in the tissue fluids is postulated by the hu- 
moral theory, are acknowledged by Metehnikoff, who calls them 
stimulins; but he maintains that they are formed only in con- 
sequence of a preceding phagolysis or disintegration of phago- 
cytes, through which these substances are liberated and taken up 
in tie serum. Further, he claims that the baeteriotropic sub- 
stances, opsonins, etc., which are supposed to prepare bacteria 
for phagocytosis, are also derived from leucocytes. 

The cells which appear to have the function of phagocytes, 
are what Metehnikoff calls the microphagi, that is, polynuclear 
leucocytes and small lymphocytes, and the macrophagi, which 
are principally the large mononuclear leucocytes, the ameboid 
cells of spleen and lymphatic glands, the alveolar cells of the 
lungs, and certain fixed cells, namely, endothelial cells of serous 
membranes and lymph spaces, bone corpuscles, giant celts of 
bone-marrow, and so on. Metehnikoff believed the wandering cell 
to be of far greater importance for immunity, that is, tor the 
defense of the organism, than are the fixed phagocytes; they 
accumulate in immense numbers at the point of an injury or 
infection and take part in the inflammatory reaction. The leu- 
cocytosis occurring in the course of infectious diseases is due 
to an increase of these wandering cells, and they probably fur- 
nish the substances which determine the activity of the immune 
serum. 

In the immune organism, the phagocytes are attracted to the 
invading bacteria, as well as to other foreign corpuscular ele- 
ments, red cells, etc., by a force which has been called positive 
chemotaxis. It has been observed that highly virulent bacteria 
may repel the cells, by negative chemotaxis, and this has been 
explained also in such a manner that the approaching cells 
are injured by bacterial poisons (e. g., aggressins) and thereby 
become unable to ingest the bacteria. The ingested bacteria may 
continue to grow in the interior of the phagocytes and even- 
ttially destroy them, and in tuberculosis this probably takes place 
in the non-immune organism. Phagocytosis is therefore not nec- 
essarily identical with disintegration and destruction of the bac- 
teria and may even be a factor in their dissemination. 
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Since, uuder ordinary conditions, living protoplasm cannot be 
digested, the question is pertinent how living, virulent bacteria 
are injured or prepared for intracellular digestion. Metchni- 
koff affirms that the phagocytes secrete an acid substance which 
is inimical to bacterial life. In explaining the observation that 
blood, freed from all cellular elements, is capable of killing bac- 
teria, he asserts that the antibacterial substances, derived from 
disintegrated leucocytes, are of the nature of ferments; he calls 
them cyiases. 

Pettersson " of Stockholm, who has studied the question very 
carefully (for literature, see the review of Kling^') found 
that the leucocytes of animals which are immune to anthrax, 
and to a lesser degree also those of susceptible animals, contain 
bactericidal substances which differ from the bactericidal serum- 
substances, particularly in their greater resistance to heat. They 
are liberated only by the destruction of the cells, and this au- 
thor designates them as endolysins, in analogy to endotoxins and 
endo^nzymes. According to Weil^*, endolysins are not spe- 
cific as are the serum-substances, and this is in support of the 
view that phagocytosis is a function of natural immunity or 
resistance. It is believed probable that the endolysins act 
upon bacteria which have been phagocytosed, thus causing their 
intracellular destruction, and that they act also upon free bac- 
teria after having been liberated through the disintegration 
of the leucocytes. According to this view, the endolysins would 
closely resemble the normal opsonins or bacteriolysins, and this 
would support the contention of Metchnikoff that these im- 
portant substances, contained in the body-fluids, are derived 
principally from the cells which he classes as phagocytes. 

It seems to be a fact that the first reaction of the animal body 
against infection, for instance with the tubercle bacillus, is 
manifested by an accumulation of polynuclear leucocytes, and 
most authors agree that the white blood-cells must be accepted 
as provisions of the defense of the organism against the 
tubercle bacillus. In this defense some authors attach the 
greatest importance to the polynuclear leucocytes, others to the 
large mononuclear cells, still others to the lymphocytes. Kling's 

"Alfb. Pettersson; Zt. f. klin. Med. 1907, LXin, 79. 
»C. A. Klinq; Zt. f. Immunitatsforsch. Orig. 1910, VII, 1. 
>*E. Win-; Arch. f. Hyg. 1911, LXXIV, 289. 
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experiments seem to prove that, in relatively resistant aaimals, 
the polynuclear leiicoeytes are able intra viiam to destroy hu- 
man tubercle bacilli or to attenuate their virulence, and he 
leaves open the question of the relative importance of the large 
mononuclears and of the lymphocytes, which, according to 
Schneider, do not seem to contain as much endolysin and art 
not as active in the phagocytosis of vinilent bacteria as the 
polynuclear leucocytes. 

The Function of the Leucocytes 

In consideration of the importance of cellular resistance, it 
appears proper to make some special reference to the function 
of the leucocytes. Their real purpose seems to he to take up 
foreign corpuscular elements and to remove thum from the 
tissues. This function is seemingly not selective, but alfects 
living as welt as dead bacteria, and not only these, but all sorts 
of other corpuscular substances, such as alien red blood-cells, 
India ink, coal-dust and soot, and so forth. It is manifest that 
this ability of the leucocytes, to take up corpuscular element* 
may produce various conditions, according to the kind and 
nature of the ingested substances and according to the ability 
of the cells to deal with them. 

(1) If the leucocytes ingest living, virulent bacteria, their' 
nonselective phagocytosis is productive of harm, either to the 
organism or to the leucocytes themselves. Not being capable 
of dis.solving and digesting the bacteria, the leucocytes may 
perish, they may carry the bacteria to other parts of the body, 
or may even protect them against the bactericidal tissue fluids. 

(2) If the corpuscular elements are not living, the question 
will arise whether they are soluble or not. Insoluble suttstancea, 
such as particles of coal-dust, simply are removed from the cir- 
culation and deposited elsewhere. 

(3) On the other hand, dead microbes may be subjected, 
within the leucocytes, to the action of their digestive ferments 
and are then dissolved more or less completely, just like other 
more or less soluble corpuscular elements which are not injn- 
rious to the organism in themselves, and are eliminated from the 
circulation in this manner. It is here that an ei^sential ad- 
vantage probably accrues from the action of the leucocytes; 
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but this does not in any way stand in relation to the destruc- 
tion of the bacteria. 

It may be said, therefore, that phagocytosis is the ability of 
the leucocytes to ingest heterologous substances and to digest 
them. The digestion does not run parallel with the ingestion. 
but takes place in only a small number of cases. It need hardly 
be pointed out that the function of phagocytosis must not be 
confounded with the action of the leucocytary bactericidins, 
because these are soluble substances which are secreted by the 
leucocytes and are discharged into the circulation. 



The Humoral Thcoiy of Buchner 

Metchuikoff's theory of immunity was strongly opposed by 
various authors, for in.stance, by Nuttall '" and others of Fliig- 
ge's scliool, who showed that blood-plasma and serous exudates 
were capable of destroying bacteria in vitro; and princi- 
pally by Buchner" who confirmed Nuttall's findings, and dem- 
onstrated the bactericidal action, in vitro, of blood-serura that 
was freed from all corpuscular elements. Buchner referred this 
action to certain protective substances in the serum itself, which 
he called alexins (from aJeixein, to protect), and he suggested, 
even before Metchnikoff, that his alexins might possibly be de- 
rived from the leucocytes. 

Buchner also found that the bactericidal power of the blood- 
scrum is destroyed by healing to 56°C, for ten minutes or more, 
that exposure to sunlight and standing at ordinary room tem- 
perature lowers it. He looked upon the protective substances 
in the serum as being preexisting in the blood, and attributed to 
them the ultimate cause of immunity. 

It was thus claimed, against 'Metchnikoff, that phagocytosis 
of bacteria takes place only after the latter had been killed, 
or at least weakened, by these antibacterial substances of the 
blood ; that therefore phagocytosis was more a function of scav- 
engers than an actively bactericidal action. In support of this 
view it was affirmed al.so that phagocytosis goes by default in 
ease of highly virulent infections where there is the greatest 
danger, and furiher that in immune animals many bacteria are 
"G. Nuttall : Zeitwlir. f. H7g., etc. 1888, IV, 353, 

"H. BucHNES; Arcli. f. Hyg.; 1890, X, 84, 101, 121, 149, and elsewhere. 



08 



IMMUNIZATION AGAINST TUBERCULOSIS 



destroyed without being eocloeed Id cells at all. The unqualified 
assertion was advanced that the struggle against invading bac- 
teria depends primarily upon the germicidal action of the tia- 
sue-fluids, and that phagocj'tosis is not a bactericidal process 
at all, hut that it merely sei-ves the purpose of removing the 
killed bacteria. This was the teaching of the humoral theory, 

A mediation between the two opposing theories was attempted 
early by Lubarsch " who pointed out the contradictions con- 
tained in both, and their inability to serve, each one by itself, 
as an explanation of immunity. Rejecting the suggestion that 
he was an "unconditional adherent of Metchnikoff," he con- 
cluded, from a careful esamination of the evidence, including 
that of numerous experiments of his own, that phagocytosis 
is not an absolute protective provision in the struggle of the 
animal organism against bacterial invasion, and that its im- 
portance is subordinate. lie was convinced that extracellular 
antibacterial influences are of moment, although he refused to 
admit their exclusive importance entirely independent of cellu- 
lar activity. Lubarsch held that it was too early to attempt 
a definite theory of imiuunity and that much more material 
must be collected before this would he possible. 

During the following years many valuable and pregnant dis- 
coveries contributed to secure a rapprochement of the two op- 
posing theories with the result that, at present, both are drawn 
upon to explain the phenomena of immunity. One of the ear- 
liest of these discoveries was that of bacterial toxins and of the 
fact that their parenteral " introduction gives rise to the for- 
mation of antitoxins which neutralize the action of the toxins 
quantity for quantity; anolher was the discovery of what is 
known as Pfeiffer's Phenomenon which proved the inter- 
relation of humoral and cellular protective forces : further the 
demonstration that the organism responds to the parenteral in- 
troduction of foreign red blood-cells in a similar manner as 
it does to that of bacterial cells or of any other foreign protein. 



. LosABScn; C, f. Bakt, 1889, VI, 481. 
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It is especially through the last-mentioned discovery, that of 
HEMOLYSIS, that the study of this response was greatly facilitated 
and the discovery of the bactericidal and bacteriolytic substances, 
as well as the theory of their mode of formation and of action 
was made possible. Of particular influence in the adjustment 
of the differences between the cellular and the humoral theory, 
however, was the discovery of bacteriotropic substances or op- 
sonins. 

Making use of the most serviceable factors of the cellular 
and the humoral theory, Much ** recently attempted to formu- 
late a survey of the mechanism of organic resistance to bacterial 
infection. Inquiring into the means which the organism has 
available for the destruction of invading bacteria and for the 
elimination of their toxic products, he finds that the body nor- 
mally possesses disinfecting bactericidal agencies, that is to say, 
substances in solution which can be demonstrated in the tissue- 
fluids and are designated as normal bactericidins. There are 
two varieties of these substances: 

(1) Humoral bactericidins (serum-substances), 

(2) Leucocytary bactericidins (plasma-substances). 

The exact origin of the humoral bactericidins is not known; 
the leucocytary bactericidins originate in the leucocytes and 
are possibly identical with fibrinogen. They occur only in 
plasma, that is, in the uncoaguiated, not defibrinated blood 
which has been freed of its cellular elements. The serum-sub- 
stances occur in both, plasma and serum. Serum and plasma 
are not identical in their action upon bacteria, some of these 
being destroyed only by one, others only by the other, while 
still others are injured by both. 

The action of the leucocytary bactericidins is a simple one; 
that of the humoral bactericidins depends upon the coopera- 
tion of two components one of which is thermolabile (comple- 
ment), while the other is thermostable (amboceptor). The 
thermolabile component of the humoral bactericidins, in heated 
or inactivated serum, can be restored by the addition of fresh 
serum (complement) ; but this is not possible in the case of 
the leucocytary bactericidins, once the serum has become in- 
active. It follows that the humoral bactericidins require com- 

*Hans Much; Die Immunitatswissenschaft. Wurzburg, 1911, 71. 
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plement for their action, and the leucocytary ouea act without 
it, which, by the way. would eoulradiet the opinioti that the 
complement is derived from the leucoeytes. 

Both bactericidal substances appear to be non-specific in that 
they are active against all baeterial infectious. When, however, 
it becomes necessary, owing to massive or virulent infection, to 
mobilize unusual amounts of protective forces, the increase con- 
cerns mainly the humoral bacterieidins whieh are then always 
specific. 

According to Much, therefore, the struggle against infection 
is carried on in such a manner that the humoral and leucocytary 
bacterieidins are mainly responsible for the destruction of the 
iuvadiug bacteria, and that the task of neutralizing and of elim- 
inating the endotoxins, liberated after the desti-uction and dis- 
integration of the virus, falls to the leucocytes. It is assumed 
tliat phagocytosis affeets only bacteria wbieJi have been killed 
or weakened, and that phagocytes cannot digest virulent bac- 
t«ria even if they ingest them. This is illustrated and sup- 
ported by the fact that phagocytosed gonococci certainly are 
not killed or rendered noninfectious in the process of phagocy 
tosis, and that many other bacteria (lepra bacillus, tubercle 
bacillus, etc.) seem to be transported from place to place by 
the leucocytes, without being always or necessarily injured in 
their pathogenic power. 

The actual struggle against infectious microorganisms appears 
thus to be carried on conjointly by both the humoral and the 
cellular forces, both being equally necessary. While the bac- 
tericidal substances exert their destructive action upon the bac- 
teria, the leucocytes prevent them from discharging their endo- 
toxins into the circulation, and render them harmless: they as- 
sume the role of crematories and are, themselves, ultimately 
destroyed in the fulfilment of their functioD. 



I 



ACQUIRED SPECIFIC IMMUNITY 

The observation that some persona resist, or at least overcome, 
an attack of an epidemic disease, is old, and so is also the far- 
llicr observation that persons who previously had recovered from 
certain diseases of this kind, are usually not alToeled again dur- 
ing subsequent epideniies. While, in the minds of the ancients, 
these occurrences were generally attributed to a special favor of 
tlie deity, it is said that the Chinese applied them deliberately, as 
early as the eleventh century, to the production of immunity 
against smallpox, by inducing a mild attack of the disease, 
which was done by introducing the infectious poxcrusta into the 
nostriU. In Persia the powdered crusts were introduced by 
friction into small incisions in the skin, and other Oriental peo- 
ples had similar customs designed to aceomptish the same pur- 
pose. This method of producing an immunity artificially, by 
causing the related disease in a mild form, was introduced in 
Europe, in 1721, by Lady Montague, the wife of the British 
Ambassador to the Porte, who had practised the so-called Greek 
method of inoculation against smallpox on her own children. 
It was observed that, introduced in this manner, the disease 
usually took a milder course than after its ordinary epidemiolog- 
ical acquirement, while the protection resulting from it ap- 
peared to be equally efficient. This observation led to the ap- 
plication of the method for the prevention of other diseases, 
healthy children being put to bed with those ill with measles, 
and infants being exposed deliberately to whooping cough and 
to other infections. Inoculation was practised for the preven- 
tion of measles, scarlet fever, bubonic plague, cholera, and also 
of epidemic diseases of animals, like infeetious pneumonia and 
rinderpest. Although this procedure afforded an opportunity 
of accumulating much experience, the outcome did not always 
result favorably to the method of protective inoculation, be- 
eause the induced attacks often were severe, and also because 
71 
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not infrequently they gave rise to epidemics of the related dis 

It had long been known in many parts of Europe that per- 
sons who were infected or inoculated with cowpox, were there- 
by protected against smallpox. This knowledge was first made 
use of deliberately by Edward Jenner, an English country phy- 
sician who, on May 14, 1796, crowned his investigations extend- 
ing over many years, by vaccinating, and thereby actually pro- 
tecting a boy, James Phipps, against smallpox, by means of 
producing an attack of cowpox or vaccinia. The vaccine was 
taken from a pustule on the hand of a dairy maid, Sarah Nelmes, 
and was therefore what is to-day called "humanized lymph." 
Jenner proved the success and efficiency of the vaccination by 
inoculating the boy, some time later, with smallpox which the 
latter resisted. The first account of these studies was published 
by Jenner in 1798.' 

The correctness of Jenner 's method wa.i soon acknowledged, 
although not without much opposition ; with the increasing prac- 
tise of vaccination, the distribution of smallpox in Europe and 
in our country became noticeably less. In course of time the 
conviction became general that the virus of cowpox was in fact 
an attenuated smallpox virus, but no advantage could be taken 
of Jenner's discovery, nor could its underlying principle be 
applied to the prevention of other diseases in the state of knowl- 
edge at that time, as the modern researches in immunity and 
immunization were inaugurated only in the seventies of the last 
century by Pasteur and by Koch. 

For a long time smallpox remained the only disease in which 
the artiGcial production of a specific immunity appeared prac- 
tical. No safe vaccines could be found for other infectious dis- 
eases, Ibeir actual viruses being unknown. Moreover some dis- 
eases apparently failed to confer a subsequent protection even 
after repeated attacks, and only speculative theories could be 
advanced to account for the resistance to a particular disease, 
which was acquired in this manner, while it failed in the case 
of other diseases. When, however, the relation of bacteria to 
certain infectious diseases received increasing con.sideration in 
the second half of the last century, the studies in bacteriology 

'Edward Jenncj:; Inquiry into the Cau«?a anil Effecta of V&riol« Vac- 
einee. London, IT9S. German tranelation, Leipzig, 1011, 
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made rapid strides under the guidance of Pasteur, of Koch and 
others, and brought light into the obscure domain of the etiol- 
ogy of infectious diseases, as well as of the immunity against 
them. It then became possible to study and determine experi- 
mentally the manner in which an acquired immunity develops 
in response to an attack of an infectious disease which is re- 
covered from, and inferences could be drawn for the artificial 
production of a like immunity, for the purpose of preventing 
disease, or of treating it with better success in patients in whom 
the natural defensive forces are not sufficient to develop it and 
thereby to overcome the disease. 

After the early difficulties in the isolation and culturing of 
the related virus had been greatly reduced, in the case of sev- 
eral infectious diseases in which the specific causative micro- 
organisms had been discovered, data were secured step by step, 
which made possible the experimental study of some of the in- 
fections. In so far as a particular microorganism had been 
proved as the true etiological agent of the disease, it became 
possible to experiment with it, with a view of obtaining this 
virus in a modified and less dangerous form by means of which 
protection might be produced against a serious and frequently 
fatal attack of the disease, by inducing a mild attack, even as 
Jenner had done many years before. Thus the study of bacte- 
riology not only afforded light in etiology, but made possible 
the experimental studies in specific immunity which develops in 
consequence of an attack of a given infectious disease, even 
though its mechanism still remained obscure. Bacteriology also 
advanced and perfected our means of recognizing and differen- 
tiating infectious diseases, that is, their diagnosis. 



BACTERIAL TOXINS 

In these bacteriological investigations and experiments, it was 
found that the manifestations of an infection caused by bacteria, 
which have gained entrance to the tissues, may be twofold ; they 
may be chiefly those of a toxic action or those of structural al- 
terations of tissue. As a rule, both are associated, but the 
principal danger to the organism arises in some diseases from 
toxins which are absorbed, as in diphtheria or tetanus, and in 
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whkh lilt; structural alterations produced at the point of locali- 
zation of the bacteria are comparatively slight ; indeed none at 
all may be observed in tetanus; while in other diseases it is the 
tissue-reactions in the shape of exudative inrt animation, as in 
pneumonia, or tlssue-necrasis as in tuberculosis or syphilis, 
which are concerned chiefly in threatening the life of the pa- 
tient. 

Toxins which are produced by bacteria in their living state, 
by active secretion or excretion, arc commonly spoken of as 
exotoxins, in contradistinction to other toxic substances which 
are constituents of the bacterial bodies, and are referred to as 
endotaxitts. 

Although the secretions and excretions of other bacteria, for 
inslHUcc. of the tubercle bacillus, also have a toxic action, and 
their absorption or parenteral introduction likewise gives rise 
to specific antibodies which can bind and neutralize them (but 
only with the aid of a ferment contained in the blood-senim), 
the exotoxins of a small group differ from them in that they 
are highly poisonous to the animal organism without its previous 
sensitization, that they threaten the life of the infected oi^n- 
ism directly, that they appear to be of the nature of a ferment, 
that their absorption or artificial parenteral administration 
causes the formation of antitoxins which neutralize their re- 
lated toxins (juantity for ciuantity without the cooperation of 
another ferment- The bacteria which secrete such exotoxins are 
designated as toxin-bacteria, and their toxins as true bacterial 
toxins. True toxins can be obtained from the filtrates of cul- 
tures of the respective bacteria grown upon licjuid media, and 
the filtrates are used for the direct or active imm-tinization of 
animals, as a rule, horses, in whose sera the autitoxin appears 
in response to the treatment. 

True bacterial toxins were demonstrated first for the diph- 
theria bacillus by Rous & Tersin in 1889. and for the tetanus 
bacillus by Kitasato in 1891. It was then expected that analo- 
gous poisons could be found and isolated from cultures of 
all pathogenic bacteria, but the list of true toxin- producers 
has remained small; it includes the Bacillus botulinus, the 
Bacillus pyocyaneus. the Bacillus of dysentery and that of symp- 
tomatic anthrax. Other true toxins of vegetable and animal 
origin were discovered, however ; among others, riein, abrin, ro- 
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bin, saake veiiorn and other ri^ptile poisous, the study of which 
niatmaliy promoted lliat of specific antitoxk iiumiitiity. 

The diseases of iho human sulijcut, which are produei-d by 
toxm-bacteria and in whidi the true toxiiiH eiidangtT the life of 
the patients, are more or leas acule, and their treatment with 
antitoxic sera is tlierefore not required for prolonged periods 
of time. 

Other bacteria, whose pathogenic action is manifested chieHy 
by degeneration and by other marked destruetive ohanges of the 
tissues which they invade, produce no true toxins in the senwe 
described above. The damage to the tissues, which follows their 
growth and multiplication, is believed to result from another 
form of toxins, of the nature of proteins or of lipoids, which are 
supposed to be body-constituents of the bacteria and to enter 
into the surrounding media only after their death and disin- 
tegration. These toxic substances therefore were called enth- 
tonns by Pfeiifer, who was the fii-st to study them and believed 
that they are pre-fonncd within the baeterial cell-bodies. Like 
the true toxins, they are specific for each baeterium. Their 
absorption or parenteral introduction causes the production of 
bactericidal or bacteriolytic reaction- products which may appear 
also in the sera of individuals affected with the particular dis- 
eases, and after recovery from them. Spontaneously they are 
produced, as a rule, in but small quantities, but after artificial 
immunization their demonstration is often possible in what may 
be considered as large amounts. These substances influence the 
virulence of the related bacteria adversely or destroy it entirely, 
and they may likewise alter them morphologically in varying 
degrees or even cause their complete disintegration. These mor- 
phological changes are called hacteriolysix, or, as tbcy affect red 
cells, hetnolysis, or then by the general term of cyiolysis (from 
kytos, a hollow space, a cell) ; the antibodies, which are responsi- 
ble for the process, are known as bacteriolysivs, henwlysins or 
cytolysins, and the immunity to the bacteria, which is produced 
through the formation of bacteriolysins, is spoken of in general 
as antibacterial, or in particular as bactericidal or bacteriolytic. 
The discovery that the parenteral introduction of the bacteria 
themselves, or of their products of secretion or excretion, gives 
rise to the formation of reaction-substauees or antibodies, and 
that organisms treated in this manner may become resistant to 
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Uk psthogenic action of the ivlatMl baeti-ria or bacterial 
producta, revolutionized profonndly both ibe theory and the 
praetise of tDedieine and led m^diia) endeavor into entirely new 
channels. 

In seeking an anderslanding of the mechanism of tnuntmity, 
it was natoral to bring the observed resistanee to a second attack 
of the same disease into relation with the humors of the living 
body, notably the blood which was then first stadied seriously 
in health and in disease and also after recovery from disease, 
iletehnikoff's observations and those of Buchner, to which we 
have referred, form the basis of all subsequent theories intended 
lo explain the mechanism of natural and of specific resistance 
or immimity. 

The related serological studies led to the discovery of several 
biological and biochemical reactions which are peculiar to sera 
obtained from animals and human subjects affected with certain 
infectious diseases, and from individuals who have been treated 
or immunized with certain pathogenic bacteria or with their 
products. These reactions supplied the student with a guide in 
bis farther investigations and, although the interpretation of 
their significance and import varies, they have nevertheless ad- 
vanced our knowledge of antibacterial immunity in a degree 
which we cannot conceive to have been possible without their 
aid. 

The reactions referred to are based upon the fact that the 
biochemical character and structure of the several types of cells 
and of organized albumins in a given species of auimal is pecu- 
liar to that species; consequently like substances derived from 
other animals, from plants or bacteria, are foreign to the animal 
organism, although primarily tbey are built up of like molecules 
and atoms : being specific for each species, they cannot ser%-e for 
a direct Nubstitution. In order to utilize foreign substances in 
the building up and in the replacement of its own tissues, the 
organism is obliged to change their molecular and atomic struc- 
ture by dissociating and then reconstructing them in such i 
manner that they correspond with its own. As the foreign sub- 
Htaneem are of highly complex organization, their reduction must 
be carried far enough for the foreign character to disappear, 
and then the organism is enabled to utilize them. This reduc- 
tion procewln from the complex and chemically less stable to 
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tbe simple and clieinically more stable atomic state, while the 
reconstruotion takes the reverse course. These reduction -proc- 
esses occur normally in the course of gastro-intestinal digestion, 
and the reconstruction may be said to constitute the process of 
assimilation. Combined, these functions stand in relation to 
the growth and replacement of the tissues. 

In case such foreign substances are introduced through other 
avenues than the digestive tract, its functions are not available 
for their reduction, and if the organism did not have at its dis- 
posal an aoxiiiary function for such an emergency, these sub- 
stances would continue in their foreign state and, according to 
their nature, they would either poison or otherwise threaten the 
integrity of the tissues and even life itself; or they could become 
oxidized or be eliminated or disposed of in other ways without 
detriment to the body. This auxiliary function, therefore, ap- 
pears to be a provision of nature for the protection of the 
organism in time of need. Apparently latent until required, 
it becomes manifested on being stimulateij by the first introduc- 
tion of the foreign subslauee. It appears to be strictly specific in 
that one foreign substance does not cause it to be activated for 
all others ; on the contrary, it becomes active only for substances 
which have an identical biochemical constitution and for no 
others. By this provision the organism is enabled to reduce a 
particular foreign substance in a like or similar manner as occurs 
in gastro-intestinal digestion, and it can make use of the result- 
ing elementary products in the building up and replacing of its 
own tissues by selection and rearrangement as may be required. 

The presence or absence of this function in its active state, 
for any particular foreign cell or protein, is subject to demon- 
stration by biological tests which are made by subjecting the 
cell or protein to the action of the blood-serum of the individual. 
In case the function i.s found to be absent on a first test, its subse- 
quent development can be shown by repeating the test after the 
introduction of the foreign cell or substance parcnterally. i.e,, by 
other avenues than tbe digestive tract. The rapidity with which 
tlie function develops to such a degree that it may he subject to 
demonstration, varies with Ihe nature of the foreign substance, 
with its solubility and with the amount which 1ms been intro- 
duced ; it can be increased to a certain extent by repeated intro- 
duction. The function itself is supposed to depend upon the for- 
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mation of specific substances which are produced by the tissue- 
cells in response to their stimulation with the particular foreign 
substance. In the nomenclature used for describing the reac- 
tions, these specific substances are designated generally as 
antibodies or immune substances, and the foreign substances 
which stand in relation to their formation are spoken of as 
antigeiis. 

The simplest example of specific antibodies is that of anti- 
toxins which neutralize the related toxins, but do not act against 
other toxins or against their related bacteria. Other antibodies, 
which have antibacterial rather than antitoxic properties, agglu- 
tinate or precipitate their antigens, or they dissolve them and, 
in Ihe case of bacteria, they destroy their vinilence and viability. 
Still others may influence their antigens in such a manner as to 
render them susceptible to the phagocytic action of the body 
ceils.' 

The observation of antibodies against specific bacteria, in the 
serum of normal individuals who give no history of having 
previously experienced an infection with them, or who have not 
been immuuizcd with these speeifie bacteria or their constituents, 
is mentioned by all authors who consider Iheir relation to ac- 
quired immunity. It has been claimed that certain kinds of 
antibodies may exist as "natural" or "normal" antibodies; for 
instance, agglutinins and opsonins for the tubercle bacillus have 
been dcmoustralod in the bloo<l-serum of no u- tuberculous persons. 

Ehrlich explains the occurrence of normal antibodies upon 
the ground of bis side-chain theory, by a stimulation occurring 
under the physiological hyperactivity of the cells in their nu- 
tritive and metabolic functions, whereby cell- receptors are likely 
to be produced in exccs.s and some, although in smaller number 
than under the stimulation of a specific infection, are then cast 
off and appear free in the serum. Their presence in immune 
serum, in larger amounts than observed in normal serum, is 
therefore supposed to be necessary before it would be justified 
to acj-ept the positive reaction to stand in relation to specific 
stimulation with bacteria or their products. We have hereto- 

' Some authors insist upon tlie unit; of the several nntiliarlies. According 
to them, the vnriaus inimunity-reiu^tions simply represent different mani- 
festations of the same uotibody uudei different coDditioDB. 
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^e soaght light od the presence ol' ' ' Donaal ' ' antibodies against 
the tnWrelo baeillus as regards tln^ir jiassive transmission from 
the mother to tho otTspring. and have referred to our observa- 
tions in the first chapter. It may also be reasoned that normal 
antibodies, which are demonstrated in the blood-serum of appar- 
ently healthy persons, have originated in response to an infec- 
tion which was too slight to cause any symptoms whatever and, 
appl^'ing these various possibilities from the individual to the 
race, that their development has become a racial cbaraeteristie 
through centuries of contact with the related disease. 

It must be taken into coosideration, however, that disease is 
not necessary for the development of antibodies, hut that they 
may be produced in response to an infection which is not followed 
by it; indeed, it may be claimed that disease may be prevented 
by the very fact that the reaction-products are elaborated in 
sufficient quantity and quality so as to inhibit the multiplica- 
tion and the pathogenic action of Ihe related bacteria; in short, 
so as to prevent disease. 

The most important one of the reactions under consideration 
is undoubtedly that of complement- fixation, the discovery of 
which was, however, preceded by that of several others, for 
instance, the agglutination of certain bacteria when they are 
brought in contact with sera from subjects who had been in- 
fected or treated with these bacteria or with their products. Not 
all of these reactions can be said to be immunity -reactions in 
the sense that they indicate a distinct resistance to the related 
bacteria; some of them appear to have only diagnostic signifi- 
cance and the antibodies which they indicate do not, by them- 
selves, exert any bactericidal function. 



AGGLUTINATION 



Agglutination is the power of the blood-serum of an animal 
or a person, infected by a certain bacterium, to clump or agglu- 
tinate the bacteria when it is added to them in a test-tube. Ag- 
glutination is active against formed proteins, and it is closely 
related to the reaction of precipitation which is active against 
proteins in solution. 

The reaction of agglutination of typhoid bacilli, which was 
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in tuberculosis, especially by Arloing & Coiirmout,*' and then 
by many others, amongst them by ourselves. The outcome of 
these studies of the reaction in the diagnosis of tuberculosis was 
not as satisfactory as it had been found in enteric fever, be- 
cause of the positive results observed with sera from persons 
who presented no clinical evidence of tuberculous disease, a 
fact which was made use of by Arloing to emphasize the fre- 
quency of latent tuberculosis or of tuberculous infection; and 
also because of negative results especially in far-advanced cases 
of manifest tuberculosis. These irregular findings caused nu- 
merous observers to attach but a limited or no value to the 
reaction for diagnostic purposes ; others, among them ourselves, 
found it of corroborative significance to other methods, espe- 
cially when the reaction was found positive in higher serum- 
dilutions. Arloing fcCourmont accepted a positive reaction with 
serum dilution of 1 : 5 as an indication of the presence of tu- 
berculosis. Later studies showed, however, that a positive ag- 
glutination in itself, even in higher dilutions, could not be util- 
ized in any case for the diagnosis of tuberculous disease, and 
we ourselves found that the sera of clinically healed cases were 
often positive in dilutions of 1 : 20 and even 1 : 40, and that in 
cases of tuberculosis, under specific treatment with the Watery 
Extract of Tubercle Bacilli, the titer could be raised to ten or 
more times that which had been present before treatment. Nev- 
ertheless we still believe that a positive reaction in serum dilu- 
tions of 1 :10, and over, can aid in the diagnosis of certain ob- 
scure cases. 

Robert Koch ^ published his observations of the increase of 
the agglutination-titer in sera from patients treated with Tuber- 
culin [BE] (Bacillus Emulsion), and his observations caused 
him and others to look upon such an increase as an evidence of 
imniunity against the tubercle bacillus, although he expressed 
himself adversely in regard to the diagnostic value of the re- 
action. Koch's view seemed to us justifiable on finding that 
our clinical results were the better, the higher the agglutinating 
titer was on the final discharge of the patients, and, in the 

'Abloino & Coubmont; 4e Congr^s de la Tuberculose; Paris, 1898, 583 
and 586.— Zeitschr. f. Tuberkulose, 1900, I, 11.— Deut. med. Woch., 1900, 
XXVI, 766. 

*B0BIET Koch; Deut. med. Woch. 1901, XXVII, 829. 
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Winyah Report, published in 1907, we tabulated a series of 200 
cases studied in this light. Siiiee that time other reaetions have 
become available as indices of specific immunity, and the stud- 
lee of sera in the new light indicate that we were only partly 
correct in our view, and that the agglutinating titer is not a 
quantitative index for immunity, because this can be complete 
with a low agglutinating titer ; also that its increase, as we 
observed it, was the result of the continued administration of 
the "Watery Extract in favorably selected cases which had ac- 
quired a maximal degree of antibacterial immunity in the ear- 
lier period of their treatment. 

While thus the agglutination-reaction cannot be accepted as 
a quantitative test for immunity, it ser^'ea as a diagnostic test 
in so far as it indicates that a contact with the related an- 
tigen has occurred at some prior time. Agglutinins are, however, 
believed to be a provision of defense against infection in so far 
as they probably may act as an aid to phagocytosis and as they 
may, in the case of certain bacteria, tend to inhibit their motility 
and possibly their multiplication. 

Like the preeipitin-reaction to be considered immediately, the 
a^lutinat ion-react ion is characterized by the fact that it oo- 
curs in the presence of the specific antibody alone, without the 
assistance of complement. 



PRECIPITATION 

The reaction of precipitation occurs when an immune aenim 
18 added to a filtrate of its related bacterial culture or to a 
bacterial extract; or in other words, when an immune sorum 
is added to its specific antigen in solution. The reaction is spe- 
cific and is characteristic in that it often occurs in very high 
dilutions of immune serum, while it may be negative with low 
dilutions of the same specimen of scrum. The substance which 
causes the precipitation is called the precipitinogen and is con- 
tained iu the antigen ; the precipitable substance, tlie precipitin, 
is derived from the immune serum. 

Precipitating substances can be produced with vegetable as 
well as with animal proteins, and the reaction permits the dis- 
tinction of different kinds of proteins in a far-reaching 
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mafaiug possible, for instauee, the differentiation of horse serum 
from rabbit serum. Its specificity is limited to its occurrence 
in high dilutions and, in this event, it is of diagnostic impor- 
tance. Its greatest practical value lies in its application for 
forensic purposes in which it serves for the differentiation of 
blood-stains, for the discovery of sophistication in food-stuffs 
(horse-meat, etc-), and for many other purposes. 

Like agglutinins, precipitins are a provision for defense 
against infection, and are possibly analogous reaction-products, 
formed in response to the parenteral digestion or cleavage of 
foreign proteins. According to Kolmer, they may be concerned 
in preparing their antigens for destniction and solution, that 
is, for the bactericidal and bacteriolytic action of the immune 
serum. 

The precipitins were discovered by Kraus * in 1897, and are 
closely related to the agglutinins. 



THE OPSONINS 

It has been mentioned that Metchnikoff was obliged to re- 
cede from his first position which attributed to the phagocytes 
a practically exclusive role in the organic resistance to bacterial 
infection. This necessity became particularly urgent, when it 
was shown that leucocj-tes which had been washed completely 
free from all traces of serum, retained at best a very slight 
phagocytic power and that, therefore, phagocytosis depended 
upon the cooperation of antibacterial serum-substances. Metch- 
nikoff accordingly acknowledged (1893) that the body-fluids, 
especially of imjnunc animals, contained certain substances 
which facilitate phagocytosis by stimulating the leucocytes to 
ingest the bacteria. These substances he called stimulins. Later 
researches, first by Denys & Leclef (1895), then by Leishman, 
and especially by Wright & Douglas," showed, however, that 
these serum-substances do not act in the manner of "stimulins" 
of leucocytes, but rather by weakening or otherwise influencing 
Ihe bacteria in some way, in consequence of which they become 

•R. KaACS; Wien. klin. Woch. 1897, X, 736.— IBOl, XTV, 1016. 
*A. E. WuGUT & 8. B. DoDOi<As, in Wkioht; Stadiee in Inununixation. 
London, 1909, 75. 



84 IMMUHIZA'nON AGAINST TUBKRCUI-OSIS 

more readily subject to ingestiou by leucocytes. These serum- 
substances were therefore called opsonins by Wright (1902) 
(from opsone, lo prepare for a meal, to render palatable}."* 

Following Denys & Leelef, Neufeld & Rimpan also studied 
the phagocytic power of the blood, independently of Wright, 
and found similar substances which they called bacteriotropins. 
Neufeld " claims that bacteriotropins are different from opso- 
nins, although most authors believe them to be identical with 
what is now known as thermostable opsonins, or immune op- 



If leucocytes are washed free from serum and are added to 
a thin emulsion of bacteria, for instance, tubercle bacilli, only 
a few of the latter are taken up by the leucocytes. If, however, 
serum is added to the mixture of leucocytes and bacteria, or if 
the bacteria are fii-st acted upon by the serum and then exposed 
to the action of the lencocytes, it will be found that the lat- 
ter take them up readily, showing that ingestion takes place 
under the influence of certain serum-substances upon the bac- 
teria. 

The opsonins of the normal serum are therniolabile ; they 
are destroyed by heating to 56° C. for one-half hour and by 
standing. The serum of persons, who have ac<juircd an im- 
munity against a certain virus, contains opsonins which are 
specific for this virus and which have a more powerful action 
than the normal opsonins, from which they also differ in be- 
ing heat-resistant or thermostable 

The opsonic power of a serum, to a certain bacterium, is as- 
certained by determining the average of bacteria which are in 
gested by a certain number of lencoeytes; the result was desig- 
nated, by Wright, as the phagocytic index. Ou comparing the 
phagocytic index of a person infected with a certain bacterium, 
with that of a healthy person, the opsonic index of the patient 

>* Much, who beliores that the opsonic action is a phenomenoa identica] 
nith the bactericiilal ai'tioii and Uint op«onius ara id^otic&l nith baC' 
terieidins, assumes that the action of tlio antibody maj slop short of 
Mtu&I Ijisis, only a portiau of the bacterial protoplasm being made to 
oxudo ("Ausachwitiiing" of Bniimgartcn], and that snch partially exuded 
b8Ct«rin] BUbitKRCcs exert a partkiilnr allrnction or positive ehemotaiis 
upon phagMTtet. 

"P. Nkl'FKLDi in KoLU & V/kssautiXS, Ilaiidbueli, II. Ergiiitzuiiga- 
band; Jena, 1909, a. 303. 
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18 obtained. Thus, the phagocytic index of the patient (for 
iustanoe 4) divided by the phagocytic iudex of Iho healthy 
person (for iuHt&ncc 5) gives an opsonic index of 4;5 
or 0.8. 

An opsonie index which is stationary between 0.8 and 1.1 
is considered as an evidence of health ; a lastingly high or low 
index as diagnostic of disease, while a variable index is be- 
lieved to indicate a deficient immunity. The opsonic index 
can be raised by specific treatment with a vaceijie of the related 
bacterium, and, in tuberculosis, Wright employs by preference 
Koch's Tubercle Bacillus Emulsion which he administers in 
very small and slowly increasing doses. The injection of a 
dose is followed within a few hours by a sudden fall in the 
opsonic index, which is called the negative phase and may per- 
sist for several days or longer, after which the index again 
rises, reaching a point above the previous figure in favorable 
cases. A dose of vaccine, givun on the downward grade of the 
opsonic index, is apt to increase and prolong the negative phase, 
the reverse being observed if the vaccine is administered on a 
rising index. 

In explanation of the many unfortunate results observed dur- 
ing the first tubereutin-era, Wright suggested that some of the 
very large doses of tuberculin, which were then given, were 
probably administered during the downward grade of the nega- 
tive phase. 

The observation of the negative phase was believed to be of 
importance, because, according to Wright, the patient is in a 
susceptible condition for the time being, and because therefore 
a dose of vaccine during the negative phase might be productive 
of harm. It was then claimed that the daily determination of 
the opsonic index would furnish a useful guide for the ad- 
ministration of the specific remedy, but the routine determina- 
tion of the opsonic index for the purpose of regulating the 
doses and the intervals between them, has not been found prac- 
ticable, for the reason that the technic of the test is too com- 
plicated and difficult and that it requires too much time. The 
fear that specific treatment in any infectious disease, but espe- 
c:ially in pulmonary tuberculosis, might be dangerous at the 
hands of the general practitioner or wherever the control of the 
opsonic index was not feaHible, does not appear ju.s!tified, and 
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Emery '' states that patients may improve remarkably even dur- 
ing a prolongetl negative pliase, so that a low index does not 
necessarily prove a lack of immunity. One of the most striking 
cases of amelioration of a severe ease of tuberculosis, which he 
has ever seen, occurred during a negative phase lading over 
three weeks. 

Observations of the opsonic index have shown that cycles of 
negative and positive phases follow upon one another even with- 
out specific treatment, especially under the influence of exer- 
cise. It was suggested in explanation that exercise or exertion 
stimulates the tuberculous focus and that then an increased ab- 
iiorption of specific toxins takes place, which causes an increased 
formation of specific antibodies, the whole representing a process 
of auto-immunization. This phenomenon has been studied par 
tieularly by English physicians, and is claimed to be a neces- 
sary condition for healing in all cases of infection with the 
tubercle bacillus and of tubercle formation, in which progres- 
sive disease does not develop or is arrested spontaneously. The 
method has been employed largely by Dr. Paterson of the sana- 
torium at Primley," who observed improvement following far 
more rapidly in patients who are prescribed work which 
graded according to the degree of "auto-inoeulation" induced 
thereby. He noted a more rapid decrease in sputum, gain in 
weight and general improvement, in patients who had been set 
to work under careful supervision, than in those who followed 
the rest-cure. As a moans of preventing the development of 
phthisis, the stimulation of this auto- immunization is not with- 
out merit, and it.s importance is insisted upon, for instance, 
by Ilort " who declares that no amount of general treatment 
ia of the elightest avail in the treatment of a chronic disease like 
tuberculosis, in the absence of specific treatment, whether this 
be autogenous or artificial. In persons who recover without 
artificial immunization, the "specific treatment" can, in Hort's 
opinion, only have been supplied by unreeoguiiied auto-imrauni- 
eation. Aside from Paterson, this form of immuniKation has 

"W. d'Kbte Euur; Immunity ami Spwifip Therapy. New York 
(Hoabcr), 1011. 280. 
"Mascub PATHimiN; Rrlt. Mdit. Joiirn, IHOO, II, 1055. 
"H. 0. llrntT; KntloniLl liniimtiimtion in t>ie Treatment of Tuberea- 
1. Nnw Vnrli (W..O.I), lOIHl, IH fT. 
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been studieij and applied in practise especially by Freeman, 
Meakin, Wheeler and Inman. 

In studying ttie nature and origin of the opsonins, the ques- 
tion arose whether the opsonins, which form and increase dur- 
ing specific treatment, are identical with the normal opsonins. 
We have already called attention to some essential differenees 
between the two, and will add that Wriglit himself and most 
other authors deny their identity. It being the thermostable 
kind of opsonin which develops and increases after the admin- 
istration of a vaccine, many authors have expressed the opinion 
that the "immune opsonins" are identical with amboceptors. 
In support of this view it has been pointed out that the two 
substances, opsonin and amboceptor, arise under the same con- 
ditions and are identical in their power of resisting heat, in 
their facility of combining with bacteria, and in their specificity. 
An equally close resemblance appears to exist between therrao- 
labile opsonins and complement; both occur in normal serum 
and are destroyed by heating to 56° C. ; both are nonspecific. •* 

In our examinations '" of sera of tuberculous persons under 
specific treatment, we found the curves for opsonins and those 
for amboceptor to show a marked parallelism, in that a high 
titer of amboceptor and a high opsonic index usually coincided, 
whereas when the roniplemeut-fixation was negative, or positive 
only in traces, tlie opsonic index was low. These curves dif- 
fered materially from that of the agglutinins in non-treated 
patients, which appears to show only slight variations, but in- 
creases steadily under the influence of specific treatment; they 
differ also from the curve of the precipitins, which rises and 
falls inversely to those of opsonins and amboceptors. 

"The quMtion baa been raiied whether there are two kinds of ther- 
mostable opsonins, one avling with, and the other without complemeat, the 
former being identical with the humoral bactericidine, the latter with the 
leiu^oeytary bactericidlns. In respect to this. Much has found that, in 
some caaea, in the same patient the apsouic power of the plasma is greater 
thnn that of the serum, but he believes that the question p.Bnnot be settled 
at the present time. 

** K. V. Buck & 8. v. Buck; Joum. Amar. Med. Assoc. 1910, LIV, 054. 
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BACTERIOLYSINS AND BACTERICIDINS. THE 
COMPLEMENT-FIXATION REACTION 

We have heretofore referred lo the fact that eertain bacteria 
cause their injurious effects upon the animal organism chiefly 
through a ferment-like substance produced by active accretion, 
which is called a true bacterial toxin, whereas others manifest 
ttieir pathogenic action mainly through products derived from 
their body- substances, which are called endotoxins; and that 
both, true toxins and endotoxins, can be employed for artificial 
immunization against their related antigens. The secretion 
within the tissues, or the parenteral introduction of a true toxiu 
causes the formation of an antitoxin, and a similar production 
or introduction of an endotoxin stimulates the formation of an 
antibacterial antibody, a substance which is antagonistic to the 
endotoxin and to the living bacterium from which this has 
its origin. This antibody has been called bacteriolysin or bac- 
tericidin, because of its power to bring about the disintegra- 
tion, i, e,, the parenteral digestion of the related endotoxin or 
of the living bacterial cell, and to destroy its virulence. The 
coniplemeut-fisation test has for its purpose the macroscopic 
demonstration of the presence, in a certain serum, of the spe- 
cific substance which gives rise to this bacteriolytic or bacteri- 
cidal action and which was first demonstrated in vivo, in 1894, 
in the study of the peritoneal exudate of an animal previously 
immunized against cholera and then infected, by intraperitoneal 
injection, with cholera vibrios. 

Pfeiffer' showed that, if a suspension of a culture of cholera 
vibrios is injected into the peritoneal cavity of a guinea-pig 
which has been actively immunized against cholera, it is pos- 
sible to study the fate of the vibrios, by examining at inter- 
vals a drop of exudate removed from the peritoneal cavity by 
means of a glass capillary. In his experiments he found that 

'K. Przims; Zeitflchr. t. U;gione. 1894, XVIII, S. 1. 
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^B the vibrios first lost their motility and that their outlines be- 
^M came less sharp: then they broke up into granules, and eventu- 
al ally they disappeared alti^ether; all this without the interme- 
^M diation of phagocytic cells. Pfoiffer's esplanafion of this phe- 
^P nonienon ' thereafter was extended by Bordet ' who found in his 
^B investigation of the mechanism of the reaction, that two sub- 
H stances are concerned in the action of the immune serum upon 
■ the bacterial cell; one, a thermolabile component which is pres- 
H ent not only in fresh immune serum, but also in fresh normal 
H serum; this he identified with Buchner's alexin, retaining the 
^1 same name for it ; and another, a thermostable component which 
^M is specific and appears in response to treatment with a related 
^M antigen. Bordet concluded from the results of his experiments 
B that the thermostable, specific substance prepares or "sensi- 
^M tizes" the bacterial cell for the lytic ferment-action of the alexin; 
^1 he therefore called it substance senstbUatrlce or sensitizer. 
^M Bordet arrived at hia conclusions through the study of hemol- 

^M ysis- It had been known for some time that the normal serum 
^M of some animals has the power of dissolving the red blood-cells 
^M of another species, hen-serum, for instance, being hemolj-tic for 
^P rabhit-cells, guinea-pig serum sometimes for calf-cells, and hu- 
H man serum for sheep-cells. Observations of this kind had, 
H among others, been made by Belfanti and Carbone,' Ehrlich,' 
f Landsteiner," v. Dungern,' and analogies had been drawn be- 
tween this hemolytic action and the baelericidal power of nor- 
mal serum. It was Bordet * who discovered that, by treating an 
animal with parenteral injections of red blood-cells or with 

Itissue-cells of another species, substances are formed in the 
blood-serum of the treated animal, which act specifically against 
the foreign cells, in a similar manner as the bacteriolytic anti- 
bodies of immune serum aet again-st their related bacteria, and 
which can be demonstrated in vitro; these substances were 
■B. P»sifTEB; Deut med. Woch. 1896, XXII, 97. 
'J. Bobdbt; tt. StmlicH in rminunity, translated by F. Day, New York 
(Wiley), 3909, 56. 
•BB-rANTi & Cabbonb; Oiorn. d. R. Acad, di Torino; 1898, cf. M, Hash, 
in KoL[.B& WAS8EBMANN. Handbiich, IV. 1. 1904. 8. £84. 
*P, Ebruch; Immunit&tsforHrhung. Berlin, 1904. I 

■Landsteiseb; Centrlbl, f. Bnkt. 1809. XXV, 546. 
■v. Dunoebn; Miinch. med, Woch. 1899, XLVI, 405. J 

•J. BoBDET; Ann. Institut Poateur. 1898, XII, 688. ' 
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called hemolysins. Their discovery gave rise to many investi- 
gations of the more complicated processes and problems of 
antibacterial immunity. They resulted in the further develop- 
ment of the side-chain theorj' by Ehrlich, in its application to 
the phenomena of antibacterial immunity. One of the earliest 
results of the discovery of specific hemolysins was the compU- 
ment-^iation reaction. 

Bordct recognized the parallelism between the phenomena, 
which he had observed in these experiments, and those in bac- 
teriolysis of the cholera vibrios, and showed that both are due 
to the cooperation of two substances, sensitizer and alexin; he 
applied his results to the elucidation of the process of bacterioly- 
sis, as it was obsened in Pfeiffcr's experiment, claiming that 
the alexin which exerts its ferment -act ion upon the foreign cells, 
whether erythrocj"tes or bacterial cells, was the same sub- 
stance in either case. 

A similar explanation was proposed by ^letchnikoff who called 
the specific thermostable substance fixateiir, and the non-specifie 
therraolabile component cytase. In support of his theory of 
cellular immunity, he held, however, that the disintegration of 
the bacteria, although shown by Pfeiffer to occur without phago- 
cytosis, was nevertheless of leucocytary origin, the substances 
concerned in the process acting only after they had been liber- 
ated through the breaking up of the phagocytes, that is to saj'. 
after phagolysis. ^letchnikoff was able to show that, when 
pbagolysis was prevented, the phenomenon did not occur as 
described by Pfeiffer, but that, instead, the bacteria were taken 
np and were digested by the phagoej-tcs. 

In numerous experiments, some of which we have described 
heretofore, we found that the active Mood-serum of immunized 
persons or animals caused marked morphological changes upon 
tubercle bacilli in vitro, the bacilli being reduced to a fine gran- 
ular detritus. A like reduction appeared to occur in vivo, 
which was exclusively intracellular, after injecting the tubercle 
bacilli into the peritoneal cavity of a fully immunized guiaea- 
pig 

In studying the phenomenon first described by Pfeiffer, and 
the experiments and conclusions of Bordet tending to its expla- 
nation, Ehrlich " applied the principles of his side-chain theor? 

*P. EbblicB; ImtnUDitatsfarscbUDg, loc. eit. 
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of immunity, whieli lie had first laid down in 1897.'" He arrived 
at different conclusions from those of Bordet, in regard to 
tbe mode of action of the two subRtaueea responsible for the 
process of bacteriolysis or of hemolysis. As we shall refer to 
the side-chain theory again, we will mention here only that, in 
Ehrlich'a opinion, the thermoBtable component of immune serum. 
or the sensitizer of Bordet, is attrafted to the bacterial or the 
blood-cell, and that then it attaches to itself the thermolabile 
substance or alexin. When this union is completed or, in other 
words, when the alexin has been bound or fixed to the bacterial 
or to the blood-cell, through the intermediation of the sensi- 
tizer, it, that is the alexin, exerts its ferment- function upon the 
cell and causes its disintegration. In accordance with this 
view, Ehrlich " calls the sensitizer amboceptor because it unites 
with two substances, and be designates the alexin as comple- 
ment " because it complements or completes tbe reaction. Since 
the side-ehain theory impresses us as affording the best and most 
probable explanation of the processes of immunity, we shall ad- 
here to its nomenclature and shall tberefore employ Bhrlich's 
terras of amboceptor and complement exclusively, in our sub- 
sequent discussions. 

It is generally assumed that the antibacterial action in the 
immune organism, like the hemolytic action, constitutes a proc- 
ess of digestion, in the course of which the foreign bacterial or 
other cells, or their substances, are made to undergo cleavage 
on entering the interior of their host ; their protoplasm-protein 
is dissociated into simpler elements which are ultimately assim- 
ilated or excreted. 

Just as in hemolysis do actual and complete solution of the 
cell occurs, but the stroma of the red blood-cell simply gives 
up its hemoglobin, the frame substance remaining behind as 
a "shadow," so the bacterial cell likewise does not dis-iolve com- 
pletely, but loses its protoplasm. Sometimes "shadows" of tu- 

■P. EHHUrH; Wertbcstinimiitig dee Diphtherieheilsenima, J807; ef. Im- 
niDiiititiforMhniig, 8. 73, loc. cit. 

"P. Ehbucb ft J. Mobcehboth; Bert Uin. Woch. 1901, XXXVXII, 
SSI. 

"VarioDs other terms have been prnpHsed for these two aubetances, but 
in order to avoid confuaion, wc prefer not to mentiDn an; of them, the 
more so as those of Elirlich are in moat c 
understood. 
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bercle bacilli may be seen under the microscope on examination 
of "lytic" slides, when decided morphological changes have oc- 
curred in the tubercle bacilli under the influence of the fresh 
immune serum. 

In the ease of many bacteria, the bacteriolysis tn vitro taken 
place quit* readily under the influence of active immune serum, 
but others, for instance, the bacilli of anthrax and of pest, and 
especially the acid-fast bacilli oppose considerable resistance. In 
the case of the tubercle bacillus, the occurrence of bacteriolysis 
in vitro has been denied, although the experiments of some 
authors, and also our own, appear to show that, with the fresh 
serum of a highly immunized person or animal, marked morpho- 
logical changes can be produced upon tubercle bacilli, and that 
the latter lose their virulence during their incubation with the 
serum in connection with the experiment. Citron " asserts that 
the a mboeep tor-act ion of Jixing or binding complement in the 
presence of the specific antigen must not be identified with the 
bacteriolytic action, and considers it necessary to differentiate 
between cytolytic (bacteriolytic) amboceptors and those which 
bind complement. 

A similar difference suggested itself to us in 1912, in certain 
experiments with immune sera, which had been inactivated by 
heat, before the addition of virulent tubercle bacilli for the 
bacteriolytic experiment in vitro. The amboceptor-content of 
the sera had been high, aa was shown by the complement-fixation 
test, but no lytie action could be observed on the addition of 
fresh serum from a normal animal or of fresh serum from a 
presumably normal person. The animals, which were infected 
with the contents of these tubes, acquired tuberculosis, the 
same as did the controls. We concluded that this su^ested the 
presence, in the active immune serum, of a specific component 
which is thermolabile and is destroyed by inactivation. 

When these experiments were repeated the following year, 
the animals, contrary to our expectation, did not acquire tu- 
berculosis whereas the controls died of generalized tuberculous 
disease. These last experiments being more numerous and being 
to all appearance perfectly conducted and well observed, wo 
concluded that the results of our first experiments must be 

"J. Citron; Die Mcthi)i1i>n <lcr Iminuimilia^noBtik uml ImmuncitherBpJe. 
Leipiig, 1912, S. 166. 
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set aside for the time being, and that the bacteriolytic and bac- 
tericidal action of inactive serum was completed by phagocyto- 
sis, or by the action of the complement of the normal animal, 
after it had been infected with the content of the lytic tube. 
Before we could spare the time to repeat the experiments 
again, an explanation of these unexpected results appeared to 
be given when it was found that the thermometer, used in the 
water-bath in which the immune sera were inactivated, gave 
excessive readings, registering four degrees higher than was 
actually the temperature of the water-bath. The sera in the 
last experiment had therefore not been heated to 56** C. and 
had not been inactivated completely, or possibly not at all. 

A repetition of these experiments was now urgently required, 
and it was made in April, 1914, with 14 specimens of inactivated 
immune serum and 6 specimens of active immune serum. This 
time our first observation was confirmed, in that all animals in- 
fected with 0.01 mgr. of virulent tubercle bacilli after incu- 
bation with inactivated immune serum, and all controls infected 
with the same dose of the same tubercle bacillus emulsion after 
incubation with normal serum or with normal salt solution, pre- 
sented typical generalized tuberculosis; whereas the six animals 
for the infection of which the tubercle bacilli, from the same 
emulsion and in the same dose, were incubated with the im- 
mune sera in their fresh, active state, were found entirely free 
from tuberculosis, when all animals were killed and autopsied, 
fifty-one days after the infections had been made. 

Under the circumstances the conclusion was unavoidable that 
the heating of these sera to 56°-57*' C. for thirty minutes de- 
stroyed some specific substance, probably of the nature of a 
specific ferment, which the organism elaborates in response to the 
infection. 

In view of the impossibility of reactivating these sera for the 
bacteriolytic and bactericidal action, by the addition of com- 
plement, it is of interest to mention that such a reactivation was 
possible for the action of the opsonins. 

The following table gives our observations upon six immune 
sera, of the complement-fixation test, and of the differences in 
the opsonic index and the bacteriolytic action noted between 
fresh immune serum and inactivated immune serum, also the 
result of attempted reactivation, upon the opsonic index and 
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the bacteriolyais, by the addition of normal compteraent from 
various sources: 
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The complement-fixation test became available through the 
studies of Bordet & Gengou, who applied the results of their 
studies in hemolysis, and the observed analogy with the process 
of bacteriolysis. These authors** subjected the red blood-cells 
of a rabbit to the action of inactivated serum of an animal of 
another species, which had been immunized with washed red 
cells of a rabbit, and thereafter added fresh guinea-pig serum as 
complement. The red cells were dissolved as had been expected. 
To this mixture they then added cholera vibrios which had been 
subjected to the action of inactivated cholera immune serum, 
that is to say, which had been ** sensitized." If any comple- 
ment was available in the solution, they expected that the sen- 
sitized cholera vibrios would take up or fix this, and would 
then undergo bacteriolysis. No change was observed, however, 
in the vibrios because all the complement had disappeared from 
the fluid, having been used up or ** fixed'' by the red cells in 
the earlier reaction. When, on the other hand, the order of 
the experiments was reversed, and sensitized cholera vibrios 
were mixed with complement, permitting this to be fixed, and 
when the sensitized red blood-cells were then added to the mix- 
ture, no hemolysis took place, because the complement had 
disappeared, having been used up and bound by the bacteria. 

It is evident that the reaction of hemolysis was peculiarly 
adapted as an aid in the ocular demonstration, in a given serum, 
of specific amboceptor for its related bacterial antigen, inas- 
much as, when a properly adjusted amount of complement was 
present, it became used up and disappeared. If no amboceptor 
was present for the antigen, or if the antigen was left out, or 
in case it had no relation to the specific amboceptor, the com- 
plement remained free and unimpaired in the test tube and was 
available for the second experiment in which hemolysis then 
took place. 

Having assembled in previously determined proper amounts 
the heated or inactivated immune serum, and the bacterial an- 
tigen against which it is to be tested, and the normal serum 
which supplies the necessary complement, the tube containing 
the mixture is kept, for one to two hours, at the proper tem- 
perature which favors their union, that is, 37° Centigrade 

** Bordet & Gengou ; Ann. Institiit Pasteur, 1901 ; cf . Bordet-Gay, 
loc. Hi, 
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OS.G" Fahrenheit). If then the previously heated or iuactivated 
scrum of an animal, wliich has been iintnunized against certain 
red blood-cells, is added and likewise a suitable quantity of the 
same kind of red cells, but no complement, the solution of the 
red cells occurs only if complement is still available by being 
left over from the first test. In this case, the blood-cells dis- 
solve and give up their hemoglobin to the otherwise colorless 
content of the tube. The conclusion is that no specific ambo- 
ceptor for the parlJcular bacterial antigen was contained in 
the tested serum, because the complement had not disappeared 
but could be used for the hemolysis. If, on the other hand, the 
red cells remain intact and settle to the bottom of the tube, 
the content of which then remains colorless, this shows that no 
complement was available for their disintegration, and we as- 
sume that the serum which we tested did contain a specific am 
boceptor which, together with the complement, united with 
the bacterial antigen or, in technical language, that the com- 
plc7nent was fixed to the antigen by the specilic bacterial am- 
boceptor. 

By means of this reaction it was shown that the sera of ani- 
mals that had been immuni?^ against the typhoid bacillus, 
the plague bacillus and the like, as well as sera from persons 
who had recently recovered from typhoid fever, contain specific 
amboceptor for these bacilli, whereas none could be shown to be 
present in normal sera. 

At first the reaction aroused only an academic interest, as 
being of assistance in scientific research. In 1903, Bordet & 
Gengou "' employed the TiiethofI for the purpose of showing that 
guinea-pigs, treated with subcutaneous injections of avian tu- 
bercle bacilli, soon form an amboceptor in their blood, which 
is capable of fixing complement in the presence of, not only 
avian, but also human tubercle bacilli as antigens. 

Gengou '* made use of the method to demonstrate specific am- 
boceptors in the sera of animals which had received injections 
of albuminous substances in solution, such as milk, albumin, 
serum; he found that complement is fixed on the addition of 

"BowiET A Ossoor; pf- noaiigrOAT, Inc. HI., p. 482 (p. 89). 

"Octooc; C. R. E»<w. il, Biol.. 190(1. LVIIT, £18, and Bobdbt-Oat; toe. 
dt., 404. Bert Uln. Wo«h., 10De, XLIIl, 1531, and BoRiiEr-OAT; too. 
«tt., 487. 
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the specific antiserum to the antigen. The discovery that a 
protein in solution could serve as an antigen, was developed 
further by Neisser & Sachs, and especially by Wasserraann & 
Bruck '^ who studied the reaction with sera from tuberculous 
subjects, and showed that tuberculin and bacterial extracts, or 
extracts from diseased tissues could be employed with equally 
satisfactory results as those obtained with bacterial emulsions. 
In their further studies, the authors reversed the reaction, as 
had been done by Neisser & Sachs, by testing extracts of tu- 
berculous tissue against sera known to contain specific ambo- 
ceptors, having been tested with positive results against tubercu- 
lin as the antigen. The positive results obtained in the com- 
plement-fixation test with sera of persons treated with tubercu- 
lin, caused them to designate the specific amboceptor, which 
they demonstrated with tuberculin for the antigen, as antitu- 
berciilin.^^ Gengou *® published further observations in which 
he showed that treatment of guinea-pigs with human and avian 

» Wassekmann & Bruck; Med. Klinik, 1905, I, 1409. Dent med. Woch., 
1906, XXXII, 449. 

^ It will be well to point out that old tuberculin is a mixture of the 
proteid substances contained in the culture medium and of specific sub- 
stances produced bj tubercle bacilli, during their growth upon it, and that 
it (tuberculin) immunizes the organism against a variety of proteid sub- 
stances. The antibodies formed in response to the injection of old tubercu- 
lin are, therefore, not all specific for tubercle bacilli or for their several 
toxins. 

For this reason, old tuberculin is not an acceptable antigen in the technic 
of the complement-fixation test, as an index of specific immunity to the 
tubercle bacillus, since it contains substances which are not derived from 
the bacillus and which give rise to reaction-products of their own. It is 
further to be noted that the chemistry of the tubercle bacillus, although 
studied very imperfectly as yet, indicates that its composition is a very 
complicated one, and that therefore the amboceptors, which are capable 
of binding complement in the presence of tubercle bacillus antigens, must 
possess correspondingly manifold affinities. While we are not assured 
that the fractional or partial antigens of the tubercle bacillus, as far 
as they have been isolated by ourselves and by others, are chemically pure, 
and therefore are actually the true partial antigens, we are convinced 
that the principle involved in these researches is correct and that an 
immunity, as indicated by a positive complement-fixation, is complete only 
in so far as the amboceptors for the individual constituents of the tubercle 
bacillus can be shown to be present, in optimal amounts, in the immune 
serum. This subject will receive further consideration in Chapter X. 

*GsN00U; cf. Bow>kt-Gay, loc, oit., p. 467 (p. 89). 
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tubercle badlli, ami with auid-fast bacilli in general, may give 
rise to the fonnatioQ of amboceptors whieh are active for the 
various types of mammalian tubercle bacilli, and that in geu- 
eral the iujeetioii of acid-fast bacilli, in guinea-pigs, causes the 
formation of amboceptors which are active against other acid- 
fast, and particularly against human, bovine and avian tubercle 
bacilli. 

A practical application of the BordetrQengou reaction was 
undertaken by Widal & Lesourd who employed it for the diag- 
nosis of typhoid fever. Using an emulsion of typhoid bacilli 
and the senim of typhoid fever patients, they found that a 
positive reaction occurrwl more frequently and earlier than in 
{be. agglutination test. These observations represented probably 
the first direct use of the test for diagnosis, but it was not 
until several years later that the diagnostic possibilities of the 
method were inquired into further. 

It was known tliat the complement- fixation test may serve to 
demonstrate either the presence of an antigen, as was done by 
Neisser & Sachs and by Wasaermann & Bruck, if a known anti- 
body is present in the serum, or it may show the antibody, as 
was done in the original reaction, if a known antigen is present. 
Both applications of the method depend upon the iixation of 
the complement, as it is indicated by the inhibition of hemolysis, 
when red blood-cells and hemolysin (hemolytic amboceptor) are 
added. In either mode of application, the test was found use- 
ful for the diagnosis of a variety of infectious diseases, both 
human and animal. We believe, however, that it is an error 
to assume that a positive result in the complement- fixation test 
for the demonstration of specific amboceptors, necessarily indi- 
cates the presence of active disease. Occurring in response to 
the absorption of bacteria or of their toxins, the presence of 
specific amboceptor indicates a defensive reaction on the part 
of the infected organism, tending to destroy them. This de- 
fense can manifest itself in various degrees of efBciency. As 
it remains active after the infection is overcome, for shorter or 
longer periods of time, during whieh the reaction continues to 
be positive, the demonstration of the specific amboceptors is diag- 
nostic only in the sense that an infection has occurred at a 
previous period. In case specific amboceptors are found in 
the course of an infectious disease, fhoy are diagnostic 
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of the nature of the infection, and indicate at the same time 
that the defensive apparatus of the organism has become mobil- 
ized and is in action. 

In the case of a bacterial invasion which results in local tis- 
sue-degeneration and necrosis, as it occurs in tuberculosis, the 
spontaneous development of specific bacteriolytic amboceptors 
against the bacteria themselves takes place too late, as a rule, 
to protect the organism against serious damage, while the pres- 
ence of such amboceptors against toxic products which the bac- 
teria secrete in their living state, affords the organism no other 
protection than that of preventing symptoms caused by them. 

It may likewise happen, in the course of an infectious disease, 
that no specific amboceptors are demonstrable in the serum of 
the patient. This may be because the function of their pro- 
duction has not yet been stimulated suflSciently, or because the 
bacterial invasion or the toxemia are in excess of that for which 
the defense is adequate. In either case the absence of ambo- 
ceptors is not diagnostic, but rather prognostic and therapeutic 
in its import;. in the former case it is an indication for specific 
stimulation, and in the latter case for measures which prevent 
the excessive absorption of the bacteria and of their toxins, or 
in case of an infection with the so-called true toxin-bacteria, it 
is an urgent indication for the administration of the corre- 
sponding antitoxin. 

"We shall have occasion to consider this subject further in 
the chapter on the practical application of specific remedies in 
the prevention and treatment of tuberculosis ; our reference to 
it here has the object of showing that a positive or negative re- 
action in complement-fixation, of sera when tested for specific 
amboceptors against the related bacterial antigens, need have 
no diagnostic import whatever. Much greater importance at- 
taches, in our opinion, to a positive result of the test, when it 
is reversed for the purpose of demonstrating the specific anti- 
gen, which would then indicate the presence, in the tested serum, 
of the related bacteria or of their toxins. 

The most important outcome of these diagnostic studies, was 
the application of the complement-fixation test for the diagnosis 
of syphilis, by Wassermann, Neisser & Bruck,^^ in the reaction 

"Wasssbmann, Neisseb & Bruck; Deut. med. Woch. 1906, XXXII, 
745. 
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commonly known as the Wassemiann Reaction which, as we 
shall see, is not specific in Ihe scnne that it demonstrates the 
presence of related amboceptors to the virus wliich causes 

syphilis. 



THE WASSERMANN REACTION 

In the adaptation of the complement-fixation test for the diag- 
nosis of syphilis, by Wassermann, Neisser Sc B ruck, no specific 
antigen was available, because the Treponema pallidum had not 
been cultured successfully; but in accordance with their results 
with extracts from tuberculous organs, the authors first employed 
extracts of syphilitic organs for the purpose. In the course of 
the study of the reaction, a great variety of organic extracts and 
of other substances was investigated for their antigenic prop- 
erties, and it was found that extracts from certain normal tis- 
sues served equally well as antigens for syphilitic react ion- prod- 
ucts for the binding of complement, and these non-specific ex- 
tracts have since replaced, more or less, tho.se made from tJie 
livers of infants who had died of congenital syphilis. The 
significance of a positive result of the complement-fixation teal 
in syphilis, when made with a non-sspecific antigen, can there- 
fore under no circumstances indicate Ihe presence, in the serum, 
of a specific amboceptor against Ihe microorganism which stands 
in relation to Uie disease. It is not our purpose, nor relevant 
to our subject, to discuss the Wassermann reaction at length; 
this has been done in many excellent textbooks on the subject 
and concerns us only incidentally. It may, however, be men- 
tioned in passing, that more recently Noguchi ^' has used a 
specific complement- fixation test in syphilis in which he employs 
a pure pallidum-extract as an antigen, having succeeded in cul- 
turing the virus artificially. On examining the sera of animals 
immunized with the pure pallidum-extract, using for antigens 
both specific pallidum-extract and non-specific lipoids, he found 
that these immune sera bound complement with the pallidum- 
extract but not with the lipoids. On the other hand, sera from 
rabbits with active experimental syphilitic orchitis bound com- 
plement with the lipoids but not with the pallidum-extract 
"H. Nooucnr; Serum Diagnosis of Syphilis. Philadelphia, 1912, 3rd 
editioD, p. ISO. 
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These findings sbow that the immune sera contain the specific 
antibodies for the pallidum but not for the lipoids, and that, 
in the sera of syphilitic rabbits in the active stage of the dis- 
ease, there is an abundance of the lipotropic substance capable 
of rendering complement inactive, by fixation, in the presence 
of certain non-specific lipoids, but not enough of true specific 
amboceptors to bind complement with the specific pallidum- 
antigen. This experience completely demonstrates the diflEer- 
ence between the * * Wassermann " and the true antibody-antigen 
reaction in syphilis. 

THE COMPLEMENT-FIXATION TEST IN TUBERCULOSIS 

It was quite natural to apply the complement-fixation test to 
the study of tuberculous disease, and we employed the method 
soon after Bordet & Gengou's publication in 1903. Our results 
were, however, so irregular that we did not feel justified in con- 
tinuing the work ; but we resumed our studies after the experi- 
ences of Wassermann & Bruck had been published in 1906. 
These authors were soon shown to have been in error in supposing 
that complement-binding substances appeared only in the blood- 
serum of persons who have been treated with tuberculin, as was 
shown first, among others, by Liidke,^^ S. Cohn,'* Citron,'* Wolff- 
Eisner,'* and by our own comparatively large experience in 
over ten thousand individual examinations, made in our labo- 
ratory since 1906, which gave ample evidence that complement- 
fixation may be positive with sera from tuberculous persons who 
have not been treated with tuberculin or any other specific prod- 
uct of the bacillus of tuberculosis. 

In the further investigation of the reaction, by many authors, 
it was found that it was often negative in the early cases of tu- 
berculous disease. WolflE-Eisner *® obtained a greater propor- 
tion of positive results in early cases, when he used several 

*»H. LtJDKE; Munch, med, Woch. 1908, LV, 783. Beitr. z. Klin. d. Tub., 
1907, VII, 47. 

»8. Cohn; Beitr. z. Klin. d. Tuberkulose. 1908, XI, 143. 

••J. Citron; loc. cit., 8. 173 (p. 92). 

* WoLTP-EiSNEB ; Friihdiagnoso und Tuberkulose- 1 mmunitat. Wiirzburg 
(Kabitzsch), 1909, p. 249. 

•A. Wolff-Eisner; ibid,, S. 65. 
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different antigens (old tuberculin; new tuberculin; emulsion of 
tuberculous tissue). Further, the reactiou was found to be 
positive in the sera of persons suffering with other diseases, and 
in cases of healed tuberculous disease, so that, in course of time, 
the value of the com pie meat -fixation test for the diagnosis of 
clinical tuberculosis verj' naturally became doubtful. 

The fact that the eomplement-fixation reaction can be posi- 
tive with the serum of persons who are not clinically tubercu- 
lous, was interpreted, WTongly we believe, as arguing against 
its specific character. We believe with Fritzschc " that a posi- 
tive qualitative test indicates, in the same manner as does a 
positive cutaneous tuberculin test, that the reacting person has 
experienced an infection with tubercle bacilli at some time in 
the past;^" but in addition it also indicates that his organism 
has responded with the development of a certain degree of 
immunity. The observation of the reaction in clinically non- 
tuberculous persons, who are affected with other diseases, does 
not controvert this view, since, with the great frequency of 
tuberculosis-infection, it is a matter of course that persons giv- 
ing positive reactions to tubercle bacillus-antigens should oc- 
casionally be affected with other diseases; and this fact does 
not in the least disprove the specific character of the reaction: 
on the contrary, it confirms it. 

The fact that the test may be positive in human subjects who 
have not been treated specifically, regardless of the presence of 
clinical tuberculous disease, is what should be expected espe- 
cially with low serum-dilutions or with the undiluted serum. 
We have frequently observed this result in our studies of sup- 
posedly normal sera or of sera taken from tuberculous indi- 
viduals. 

When the reaction is positive qualitatively, the test may be 
interpreted in the same manner as is the cutaneous tuberculin 

" Eenst Fbitzsche; Inaug. Din*. Ziirieh, 1908. 

" This docB not, of tourae, apply in the case of normal individuals, who 
noither react t<i tubercutio nor show romplement-buiiling Bubstances in 
their sera, but who develop the latter after immuuization with a suitable 
vDt^cine. The appearance of complement-bioding Bubstauees in response to 
vaccination of non- tuberculous persons supports the view that complement- 
fixation with tlio speciQc antigen is an i in mu nit; -reaction (see also MUOH, 
in BKAtiEB, 8cm)oDBR & Blumekfeld; Sandbuch der Tuberkulose; Leip* 

nig, I, 19U, 8. 300, fr.). 
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test. It is different, however, with the quantitative test, as it 
was practised, amon^ others, by Christian & Rosenblat,'' 
EoRel & Bauer,'" Jochmanii & Mollers" and, from the be- 
ginning, by ourselves. The higher the dilutions of the immune 
serum are, in which complete fixation of the complement can be 
obtained, the more of the specific antibody, which eausea the 
union of complement and antigen, must necessarily be pres- 
ent in the serum of the individual or animal which is tested. 
The quantitative method can therefore be used as an index 
for the amount of specific amboceptor contained in the serum. 
In applying this measure as an index of immunity, we found 
that animals, previously treated with vaccine, resisted a sub- 
sequent infection only in those eases in which the titer of the 
compiement-fisation test was high, and also, that this titer could 
be raised to an effective degree by continued treatment, in the 
human subject and in the experiment animal. Although posi- 
tive QUALITATIVE reactious were observed frequently in guinea- 
pigs and rabbits after one or two small doses of our vaccine, 
these animals failed to resist infection; sera from human sub- 
jects also failed, as a rule, in manifesting a complete germicidal 
action unless tJie tiler in complement- fixation corresponded with 
that found in the sera of the resisting animals. Under these 
eirenmstances we have found the test useful clinically as well 
as in our experimental studies. 

An8l<^ous obser\'ations have been made in the case of diph- 
theria-antitoxin in the sera of persons who have never had clin- 
ical diphtheria. Wasserniaim " and Abel " showed years ago 
the presence of specific antibodies to the diphtheria bacillus in 
the blood of healthy persons, and Otto.^' as well as other au- 
thors, declares that the serum of human newborn infants almost 
oonstantly contains diphtheria antitoxin. It disappears during 
the first year of life, and then reappears and gradually increases 
from decade to decade, being present in fi3 per cent of persons 



■CewsTiAN & Eosekblat; MUncli. meil. Woch. 1B08, LV, 3032. 
"Enoel & Baubm; Miinch. med. Woch. 1908, LV, 2273. 
"JociiMANN * MoiJ-ERs; VertiffcQtl. d. Robert Kooh-Btiftung. Berlin, 
1912, H. 3. 

"A. Wabsebuamn; Deut med. Woch. 1894, XX, 120, V. 
"Bod. Abel; Deut. med. Woch. 1894, XX, 889. 
"E. Otto; Dout med. Woeh. 1914, XL, 512. 
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forty years of age. In persons who never had diphtheria, this 
specific immunity, which is often sufficient for protection, may 
result from repeated infections with small quantities of diph- 
theria bacilli or with bacilli that are not, or only slightly viru- 
lent, as was suggested many years ago by Bretonneau." An 
effective, spontaneously acquired immunity, i. e., one without 
preceding diphtheritic disease, is found particularly in per- 
sons who have been in contact with diphtheria for some time, as 
in nurses and other attendants in diphtheria-wards. 

That a very decided immunity can develop without specific 
treatment, is demonstrated by a case reported by Klein- 
schmidt,'^ of a male infant, ten months old, with diphtheria of 
the oral mucous membrane and, more particularly, of the anal 
region. The virulence of the infection was shown by the fact 
that diphtheria bacilli isolated from the anal lesion killed a 
guinea-pig in two days. This affection healed spontaneously, 
the patient receiving no treatment whatever, beyond the cus- 
tomary hygienic measures. On discharge, seventeen days after 
admission, his blood was found to contain ten antitoxin-units 
per cubic centimeter of blood, a quantity which is unusually 
large even after active immunization. 

These experiences are in accord with and support our con- 
tention, and also verify our observations that a complete and 
effective active immunity to the tubercle bacillus can develop, not 
only in response to artificial immunization, but also spontane- 
ously, by way of response to repeated infections which are not 
severe enough to produce disease ; or, if the disease has developed, 
that the resulting immunity may become sufficient to over- 
come it. 

Quantitative deteiminations of the amboceptor-content are 
made by successive reductions of the amount of serum which is 
to be tested. Thus, if 0.05 cc. of the tested serum has caused 
the disappearance of all the complement, we can try half that 
amount, and we may reduce it still more, until we reach a mini- 
mal amount of serum with which a disappearance of the com- 
plement no longer occurs. If therefore all other conditions are 
the same, and we still find the reaction positive, in that all the 

" Breton NEAU; cited by E. v. Behrino: Diphtheric. Berlin (Hirsch- 
wald), 1901, 8. 184. 

"H. Kleinschmidt; Miinch. med. Woch. 1913, LX, 1477. 
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complement has disappeared from tlie lube which coutained only 
oue-fourth or one-eighth of a drop of the immune serum, this 
shows that there wbh a larger amount of specific amboceptor in 
it tJian was necessary to fix all the complement when a whole 
drop or one-half drop was used, and we can thus express the 
amboceptor-coiitent of tlie immune serum by the fractions 
of one drop of Ihe undiluted, or of a diluted serum, which still 
cause tie complete disappearance of the complement; or. un- 
less we choose to state directly the amount of immune serum, 
we can simply give the denominator of the fraction, that ia, 4- 
8-16, etc., instead of 1 : 4 ; -1 : 8 ; -1 : 16. 

In onr own work, we begin as a rule with 0.05 ec, of immune 
serum, and express incomplete results by one or more checks, 
accordingly, as more or less complement appears to have disap- 
peared; if all had disappeared with this or with a higher frac- 
tjon and an incomplete disappearance Is shown with the next 
higher fraction, we add the cheek to the fraction with which the 
disappearance was complete. 

It may be mentioned with respect to the technic of the comple- 
ment-fixation teat, that not all tubercle bacilli show the same 
avidity to combine with the specific amboceptor or to form as 
firm a union with it as do others, and that this may be in- 
fluenced by the age of the same culture or by the state of the 
emulsion; probably other conditions, which are more or less 
obscure and which alter the results, are also of importance. The 
adjustjuent of the hemolytic system likewise requires great 
care in the preliminary teats, one fruitful source of trouble 
being the observation that serum which is used for complement 
is occasionally found to possess a spontaneous hemolytic power 
for the blood-cells used in the test. In our experience, a hemo- 
lytic amboceptor of very high titer may manifest a stronger at- 
traction for complement than does the combination antigen plus 
bacterial amboceptor plus complement, and it may break up the 
union of the complement in this combination, thus "deviating" 
it. It has also come to our observation that a specific immune 
amboceptor appears to unite with complement without any anti- 
gen being present and that in this manner the reaction may be- 
come obscured. Finally the serum to be tested for specific am- 
boceptor may of itself be capable of absorbing complement, and 
unless this has been ascertained on a preliminary examination 
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and ia compensated by the addition of more complement, the 
test will of course be unreliable. 

It will be seen therefore that the teehnie of the complement- 
6xation teat ia quite eoinplieat^d, consisting as it does of two 
distinct reactions into which five separate substances enter nor- 
mally. Although the several components are always standard- 
ized or titrated separately, although control tubes are put up. and 
all reasonable care and precautions are observed, yet anomalous 
and contradictory results may make their appearance, the cause 
or causes of which in a given instance may remain obscure, and 
it may be very difficult indeed to di-scover them. It would serve 
no good purpose to discuss, in this connection, all possible causes 
o£ irregular reactions, which may contribute in obscuring the 
results; in fact, such a discussion would only be confusing. 
Those who are conversant with the laboi-atory tflchnic know 
and appreciate these possible sources of error; for the general 
practitioner it sufi'ices to obtain an understanding of the prin- 
ciples of the reaction as described above, because it is not serv- 
iceable in his routine work as a practical test, but belongs to 
the laboratory and should be done by specially trained workers. 

While the principles of-the test remain the same, different 
laboratories vary more or less in technical details, on account of 
personal experience or preference, or as may appear desirable 
in the studies of immunity in individual infectious diseases. 

The theory of the complement-fixation reaction will become 
elucidated further by considering it in the light of the side-chain 
theory of Ehrlich. 

F It has already been said that, in his investigation and study 

■ of the reactions which we have described, in their relation to 

H immunity, and in an attempt to find an explanation for the 

Hj modus optTamli of immunizing processes, Ehrlich applied the 

^M principles of his famous side-chain theory which had originally 

^M been advanced in 1885 for the purpose of explaining the proc- 

H esses of nutrition, and had been elaborated and extended, in 

^M 1897, 80 as to account for the phenomena of antitoxic immunity 

^M which, like those of antibacterial immunity, in the lost instance 
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represent digestive processes. In contrast to Metclmikoff 's phys- 
ical conception of resistance, Khrlich's explanation is based on 
chemical phenomena. It is important not io lose sight of the 
fact that Ehrlich's theorj'. as well bs all other attempts to ex- 
plain the related observations are theories, that is to aay, hy- 
potheses by which the mechanism of certain observed phenomena 
may be explained, and that they have been advanced with no 
other purpose ; least of all have they been offered as actual facts. 
It is not without justice tliat Bordet asserts that all these hy- 
potheses have been taken too much for (granted and that their 
hypothetical nature has been lost sight of. Whatever may be 
the actual truth, however, in the present state of our knowl- 
edge the side-chain theory serves excellently as a guide for the 
manner in which we may assume the processes of immunity to 
unfold themselves. 

The side-chain theory assumes, in analogy to the side-chains of 
the benzol-ring, that the protoplasmic cell (red blood -corpuscle, 
bacterial cell, etc.) has certain "side-chains" or receptors, that 
is to say, affinities which attract molecules that may serve for 
its nutrition. Substances which are introduced parenterally and 
enter the circulation, as for instance toxins, are attracted Ut 
cells which have suitable receptors for them. The molecule of a 
true toxia is believed to have a double function, or two func- 
tionating "groups," one being that by which it can be at- 
tached to the cell and which '."fits" to a particular receptor of 
the cell, the hapiophore group (kapto, to touch), and the other, 
the loxophore group which is the bearer of the specific toxic 
property. If now the toxin-molecule is attracted to, and unites 
with its particular cell-receptor, this receptor, being occupied, 
can no longer functionate and the eell may perish either 
through the toxic action intermediated through the toxophore 
group, or for want of further sustenanee. In accordance with 
a natural law, however, which is known as Weigert'a Law, the 
cell develops new receptors and discharges the one which is 
occupied by the toxin-molecule. The new receptors are pro- 
duced in excess and cannot all remain attached to the eell ; they 
are therefore discharged into the surrounding fluid (the cir- 
cnlation) and are ready to unite, by means of their haptophore 
groups, with toxin- molecules which have entered the circula- 
tion, and to neutralize them, thereby preventing them from be- 
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ing attached to, aud injuring the body-cella. When free in the 
circulating tissue fluids, these receptors are called antibodies, 
the toxin is neutralized by its union with the antibody, and the 
antibody for a true toxin is therefore an antitoxin. This rep- 
resents the simplest aspect of the process. Ehrlich designated 
the receptors which, on being discharged into the circulation, 
become antitoxins, as receptors of the first order. 

By a somewhat more complicated, but still relatively simple 
process, the receptors of the second order are produced, which 
are coneerned in agglutination and precipitation. These recep- 
tors of the second order are east off from the cells in like man- 
ner as the antitoxins, and are considered as having two 
"groups" or affinities, viz., a haptophore group by which they 
attach themselves to the cells against which their Eiction is spe- 
cific, and a zymophore group, which is the bearer of their spe- 
cific function and is, in the case of agglutinins, responsible 
for what Ehrlich calls the process of coagulation [Qerinnungs- 
vorgang) . 

It is to be noted that the action of the receptors of the sec- 
ond order, as also that of the third order, is not directed solely 
against soluble substances like the toxins, but also against for- 
eign cells (bacteria). 

The process becomes still more involved when larger mole- 
cules of foreign proteins, lipoids, alien tissue-cells, or bacteria, 
enter the tissues pareuterally. If the tissue-cells have fitting 
receptors, these are occupied and cast off similarly as in the 
ca.se of true toxins: but for the disposal of atomically more 
complex and more highly organized substances, it is necessary 
that they be prepared for assimilation and, instead of a simple 
neutralization, as it takes place in the case of true toxins, their 
actual breaking up or cleavage is prerequisite in order to re- 
duce them to that simple and elementary state in which the 
organism can make use of them. In order to accomplish this. 
the specific amboceptor, as represented by the cast-off receptor, 
requires the cooperation of ferment-like substances, the comple- 
ments, which have a proteolytic or a lipolytic action. 

The amboceptor must unite not only with the foreign protein- 
or cell -substance, but aiso with the complement, and it there- 
fore requires two haptophore groups, one being the specific 
cytophile group by which the amboceptor is attached to the 
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cell, and the other the non-specific complementaphile group by 
which it anchors or binds the complement. It is therefore 
through the intervention of the specific amboceptor that the 
complement can attack and reduce the foreign protein or cell- 
molecule into a simpler molecular state and thus fit it for assim- 
ilation. Ehrlich designates amboceptors as receptors of the 
third order. 

The antibodies of the third order are discharged by the tissue- 
cells as receptors formed in excess in response to cell-stimula- 
tion which may be purely physiological, but is in greater part 
specific, viz.: stimulated through the parenteral introduction 
of certain alien substances. These antibodies anchor or unite 
with the foreign substance by means of one of their haptophore 
groups; with the other group they anchor or bind the ferment- 
bearing complement. The disintegration of the foreign sub- 
stance becomes possible through the union of the three. 

This brief description attempts to give the teachings of the 
side-chain theory in so far as they are required for an elemen- 
tary understanding of antitoxins, hemolysins and bacteriolysins. 

In order to make the side-chain theory applicable to all phe- 
nomena which presented themselves in the course of these stud- 
ies, it was found necessary to account for apparently anomalous 
observations which required additional investigation and spe- 
cially planned experiments. The outcome of these further re- 
searches led to and supported the theory of the multiplicity of 
complement, of anti-complement, of the deviation of comple- 
ment, also of the multiplicity of amboceptors and anti-ambocep- 
tors. While these and other supplementary demonstrations in 
support of the side-chain theory, by Ehrlich and his coworkers, 
are of great interest and importance in serological studies, we 
omit their consideration as apt to prove confusing to those who 
are not special students in immunology. For the analysis and 
explanation of these and many other details, a study of the pub- 
lications in support of, or in opposition to Ehrlich 's theory is 
necessary. 

For the reader who desires to extend hLs studies, translations 
of the principal publications of Ehrlich,^^ of Bordet,^® and of 

"P. EmtLiCH; Collected Studies on Immunity. Translated by Bolduan. 
New York (WUey), 1910. 
"J. Bobdbt; loc, cit. (p. 89). 
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their coworkers are available, and tliey will also find them con- 
sidered ill Ihe tfxibooks on the subJL'ct of immunity by Emery,'* 
Zinsser,*" Kolmor" and others. The large handbooks by KoUe 
& Wassermann '■ aud by Kraus & Levaditi " have not been 
translated and are needed only by students who are engaged in 
practical and experimental investigation. 

In spite of their different view-points, or possibly because 
of them, Ehrlicii and Bordet have done more to further and to 
develop the study of immunity, in recent years, than any other 
scientists. It may be said that they never differ in principle. 
the same facts and phenomena being admitted by both observers. 
Their differences lie only in the interpretation of these facts, 
and even here they are not as far apart as may appear to 
the casual student. 

As one of the results of all these studies, we find that while, 
after ordinary ingeatiou. foreign protein- or bacterial substances, 
which the organism can utilize in nutrition and building-up 
of tissue, are prepared and converted by the digestive organs 
to that simple elementary form in which they are suit- 
able for assimilation, the organism possesses a similar function 
for their preparation and conversion in its physiological in- 
terior, in the event that sueh foreign substances accidentally 
find admission through other than the ordinary channels. This 
additional function becomes operative through stimulation, by 
the foreign substances, of certain cells, and the latter must, 
in Ehrlich's view, poa.scs8 receptor-groups which can unite with 
corresponding groups of the former. In the case of sueh a 
union, the foreign substance becomes subject to the action of the 
ferments of the blood and is then reduced in a similar manner 
as in the ordinary course of gastro-intestinal digestion. The 
stimulation of the cells having taken place, their receptors are 
produced more plentifully and, becoming detached from the 

■Embbt; toe. cit. (p. 86). 

"H*N8 Zinssee; Infection an.t ReBistanre. New York (Macinillan), 
1914. 

"John A. Kolmeb; for. nt. (p. 80). 

** KoLi.E & WASSKitUANN : Handbuch der pnthogeneo MikroorganiBmen. 
Jena, 1903-1909. 

** Rbaus & Levahitj ; ITiindbuch rler Technik und Mathodik der Iin- 
munitfitHforscbuiig. Jena, 1908-1909. 
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cells, they appear free in the circulating blood and are ready to 
unite with like foreign protein- or bacterial substances which, 
by accident or design, may find repeated access to the tissues 
or directly to the blood. 

On its first occurrence, the reduction of foreign substances, 
in the tissues or blood, appears to be slow and gradual, taking 
place step by step, and the resulting intermediary products 
may cause no symptoms, especially when the amount of the 
foreign substance introduced is small. When the cleavage oc- 
curs rapidly, because the organism is sensitized on account of 
like reactions having occurred previously, and especially when 
in such a case the amount of the foreign substance is large or 
is introduced directly into the blood, or if it is absorbed rapidly 
from serous membranes like the peritoneum or pleura, then 
these intermediary cleavage-products are likely to be present in 
suflSciently large amounts to cause toxic phenomena to which 
small animals are apt to succumb. 

On prolonged disuse of the function, because the access of 
the particular foreign substance to the blood is not repeated, 
the free specific antibodies in the blood may gradually disap- 
pear ; but they reappear much more promptly than before when 
they are again needed because of a later repetition of the 
cause that gave rise to their formation in the first place. 

If, after its introduction, a foreign substance finds no fit- 
ting receptors in the cells with which it comes in contact, or 
if it is not of such a nature that it can serve the organism as 
food, no digestive or reducing reaction can occur; its influence 
upon the organism, and its destiny then depend upon its par- 
ticular nature. Inert substances may be eliminated if they are 
in solution; if they are present in solid form, the tendency is 
to encapsulate, or to remove and deposit them elsewhere by 
phagocytes. Against poisons like morphine, strychnine, arsenic, 
the organism is defenseless, regardless of the mode of intro- 
duction. 

The disposal of non-pathogenic bacteria is the same as would 
follow the parenteral introduction of other foreign formed 
elements. 

Proteid substances in solution elicit a more prompt reactive 
response to their parenteral introduction than do suspensions in a 
corpuscular or finely divided solid state. This is true particu- 
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larly wheu the administration is subcntaneous, and it becomeB 
important in attempts at immunization with bacterial emulsions 
or with bacterial products which are already in solution. 

It is evident from the foregoing conHiderations that the im- 
munization of the organism, or the establishment of specific im- 
munity to a pathogenic bacterial invasion is a process in which 
the organism is "trained" to develop those protective substances 
which render the action of the bacteria innocuous, whether this 
finds its expression in the secretion of toxins, or through the 
effect of the endotoxins, or of other injurious bacterial sub- 



Under favorable conditions the process of Immunization tabea 
place spontaneously in response to the bacterial invasion and it 
may become effective in causing healing, or in preventing the 
bacteria from exerting their pathogenic action in a maximal de- 
gree. In eases in which the spontaneous response of the organ- 
ism is quantitatively insufficient, its defense can be supple- 
mented by supplying it witli the related antitoxic or antibac- 
terial substances from another immunized organism, or the abil- 
ity of the organism to defend itself may be increased by di- 
rect stimulation with the related bacteria or with their respective 
toxins. In this case successful artiJieial iuimuuizatiou against 
pathi^enic bacteria is practicable even in an organism that is 
not yet infected by the bacteria against which an immunity is 
to be produced, for the purpose of protecting it against a subse- 
quent infection. This is done by means of the related virus in 
a form in which it is not injurious, of itself, to the orj^anism 
and in which it is readily broken down; or even better, in a 
form in which it is broken down already into its stimulating 
or antigenic constituents, in solution. Active prophylactic im- 
munization has been practised for more than a century against 
smallpox, and for a decade eigainst typhoid fever, the virus 
of both dLsea-ses apparently being easily disintegrated in the vac- 
cinated oi-ganism. 

It is our purpose to show in the practical and experimental 
parts of this volume, that active immunization can be applied 
successfully also against tuberculosis, and that the prophylactic 
immunization or vaccination against the tubercle bacillus is 
simple and practical, as well as without danger, if certain con- 
ditions are complied with. 
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CHAPTER V 

SPECIFIC PROPHYLACTIC IMMUNIZATION 
AGAINST HUMAN TUBERCULOSIS 

HISTORICAL 

The attempts at specifie prophylactic immuaization against 
tuberculosis date back to the discovery of the tubercle bacillus 
in 1882. Soon aftor Koch '» first publication, Falk ■ wished to de- 
termine whether tuberculosis belonged to those infectious diseases 
in which one attack protects against the further acquirement of 
the disease. In his endeavor to secure an attenuated virus, in 
analogy to the attenuated smallpox virus employed by Jenner 
for his classical example of specific prophylactic immunization, 
Falk infected guinea-pigs with tuberculous tissues which he had 
attenuated by putrefaction. Later virulent infection did not 
meet with an increased rosLstance in the experiment animals, 
and Falk came to the conclusion that successful prophylactic 
vaccination against tuberculosis, corresponding with Jenneriza- 
tion against smallpox, was a priori improbable. 

Like investigations received a strong impetus when Koch an- 
nounced his tuberculin in 1890, in which the tubercle bacillus- 
toxin was believed to have been discovered and by means of 
which it was hoped that protective immunization would become 
possible. Even before the announcement of tuberculin by Koch, 
an American physician, Dr. Samuel G. Dixon, the present Com- 
missioner of Health of Penn.sy]vania* had succeeded in pro- 
tecting guinea-pigs against virulent infection, by treatment with 
E^nrulent and atypical cultures of tubercle bacilli, in which 
elub-shaped, branched and other forms predomiimted. 

AlthoDgb a specific immunization against the tubercle bacillus 
cannot be produced by mean.s of old tuberculin, as has been 
shown amply by van Calcar, Hans Aronsohn, Sahli and others, 

'F. Palk; BpH. Win. Woch. 1883, XX, 772. 

'S. G. Dixon; Mcil. Newo; 1889, Out. 19; pf. Beprint, Med. and Surg. 
Reporter, 1890, Bept. 6. 
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its therapeutic empIoymcDt made possible undoubtedly better 
clinical results than had been secured without its aid, aod, in 
the cases in which it was used persistently for prophylactic pur- 
poses upon infected children, especially by Petmschkj-. certain 
benefits were apparent, even though these could not be attrib- 
uted to a direct specific immunization against the tubercle bacfl- 
lua. The reason for this can now be understood and lies in tbe 
ability of tuberculin to stimulate the tuberculous focus and 
thereby to arouse the self-protective mechanism of the body. 
Since tuberculin can exert such an action only upon tbe in- 
fected, or upon the actually tuberculous organism, any thera- 
peutic effect, to which it may give rise, is directed against the 
progression of the disease; it cannot be active in tJie direction 
of preventing the development of a tuberculous focus from an 
infection. 

The result of Koch's own subsequent attempts, induced by 
his modified views, to obtain more satisfactory therapeutic re- 
sults from Tuberculin TR and his Bacillus Emulsion or Tu- 
berculin BE, finally led him to express the opinion that an ef- 
fective immunity against the tubercle bacillus could be pro- 
duced only by means of a living virus, suitably attenuated, and 
this opinion guided the originators of various methods of pro- 
phylactic immunization of cattle, tJie history of which can be 
found in most textbooks on immunity and on the specific treat- 
ment of tuberculosis. An excellent resume of these attempts 
was given quite recently by Qilliland.' The principal methods 
are those of Koch & Schiitz's Tauniman: of v. Behring's Bovo- 
vaccin; of Klimmer's Anti-Phymatol, and the collodium-sac 
method of Heymans. 

In the prophylaxis of human tuberculosis, Koch's opinion 
formed the basis of Friedmann's investigations with human tu- 
bercle bacilli attenuated spontaneously by passage through the 
turtle organism, and of those of Webb and Williams who claim 
to have secured a satisfactory immunity in monkeys and in two 
children, by their method of injecting definite numbers of 
counted virulent tubercle bacilli, commencing with the injec- 
tion of a single microorganism. Both these methods are too 

•S, H, OiLLiLANUi The Protloction of Artificinl Immunity ogainit Tu- 
berculosii in Cattle. State LiveBtock Sanitary Board, HorrisbuiK, Pa. 
Circular No. 32, 1915. 
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greatly fraught with danger ever to become prac-tieal, nor could 
they be adopted by the general practitioner. In Friedmann'a 
method the infiltration and frequent abscess formation at the 
site of injectioD are also serious disadvautages. 

In his first publication on tuberculin * Koch touched upon 
one phase of specific prophylaxis when be said: "The new 
method can only then become a blessiug to suffering mankind, 
when as many incipient cases of tuberculosis as possible are 
treated, and when therefore severe advanced cases no longer 
occur, such as now form an inexhaustible source for new in- 
fections." 

Aa early as 1891, Heubner ' suggested that in eases of heredi- 
tary predisposition, tuberculin might be useful propliylacti- 
cally. In 1903, v. Behring* proposed a passive immunization of 
nurslings by means of the milk of immunized cows; but aside 
from the fact that this method is not quite without danger, 
since Weber & Titze ' have demonstrated virulent tubercle ba- 
cilli in sueh "immune" milk, Hamburger^ showed that it was 
not practicable because it would not serve to transmit un- 
changed antibodies except during the very first few weeks of 
life. In his report at the Cassel meeting of German Natural- 
ists and Physicians, v. Behring {loc. cit.) expressed the hope 
that his researches would finally make the sanatoria and other 
institutions superfluous, by means of the same method by which 
Jenner had made the old pest-houses unnecessary. 

In the same year (1903), Maragliano' announced, at the 
XIV International Medical Congress at Madrid, a vaccine, the 
nature of which he did not describe, with which he eoultl actively 
immunize animals against virulent infection with tubercle ba- 
cilli, and produce antitoxic, antibacterial and agglutinating sub- 
stances in the human organism. He declared it a mistake to 
assume that an active immunization was possible only througb 
the injection of living cultures of tubercle bacilli, and claimed 

*BofiEBT KOCH; Deut. med. Woch. 1890, XVI, 1029. 

•Hbdbnkbj Berl. klin. Woch. 1891, SSVIII, 452. 

'B, V. Bkbkino; Deut med. Woch. 1903, XXIX, 689. 

'WtBKB k TiTZE) TuberkuloseArbeitcn a. <i. ksiis. Oeaunrlhcitsamte. Ber- 
lin, 1B07, Heft 7, 8. 9. 

TlTMt; ibidem. 1908, Heft 9, S, 50. 

•P. HjMBOBflEs; Beitr. i. Klin. d. Tubnrkuloac. 1905, IV, 23. 

•E. UARAaLUb4o; Bert. klip. Wocli. 1903, XL, 563. 
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that V. Bt'lii-ing's lewnt assertion to this effect would, if it 
were true, preclude a priori the possibility of immuuizatiou 
against tuberculosis in man. At the International TuberculosM 
Conference in Berlin, in October, 1913, Maragliano again re- 
ferred to his method which he had extended for prophylactic 
purposes and Dr. Enrico Castelli '" presented a paper at the 
recent meeting of the National Association, at Seattle, Wash- 
ington, June, 1915, in which he described the continued sueeees 
of Maragliano 's method. 

Of other recent attempts in the direction of a practical im- 
munization, those of Miiller and of E. Klebs may he mentioned, 
who made use of the principle of attenuation by passage through 
a non-susceptible organism, viz. : that of the blind-adder ; also 
those of Calmette who claims that a sufficient degree of im- 
munity can be produced by the oral a<lministration of tubercle 
bacilli attenuated by culturing on oxgall. J. Bartel claimed, 
in a communication to the Washington Tuberculosis Congress" 
to have given proof that it was possible to initiate a successful 
method of specific immunization against tuberculosis by sub- 
jecting tubercle bacilli to the action of certain tissues, espe- 
cially of lymphoid tissues. 

In the meanwhile the researches of Deycke in lepra, and his 
preparation of Naatin had stimulated work in the direction of 
employing the body substances of the tubercle bacillus, includ- 
ing its fats and waxes for tiie purpose of securing an active im- 
munization. These attempts were the more rational since a 
corpuscular vaccine, consisting of living or killed tubercle ba- 
cilli, cannot be expected to stimulate an immunizing response 
on the part of the normal organism, until the bacterial proto- 
plasm is brought in solution and probably also broken down.'* 
Accordingly, Deycke,''' Much and their coworkers " investigated 

"Emrtco Cabtelu; Trans. Ilth Annual MeeUag, National Association, 
Seattle, Washington, 191S, p. 211. 

■^J. Baktel; Trans. WHsfain^rton Tubereulosis Cougieas; 1908, I, 1, 
p. 188.— Wien. kiln. Woch.j 1905, XVIII, 1144, and elsewhere. 

"ef. Wbioht, Mobqan, Colebrook ft DoiwaoN, cit*ii bj A. Fleminq; 
The Practitioner; 1914, XCII, 420. 

"Dbtckb Pasha & Beschad Bey; Deut. med. Woph. 1B07, XXXIII, 
89. 

"G. Dktcke i n. Much; Miincli. med. Woch., 11109, LVI, 1985; 1913, 
LX, 119, oad elsewhere. 
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the immunizing effect to be secured by solutions of the tubercle 
bacillus in various organic solvents, and these studies culmi- 
nated in the separation of Mueh's Partial Antigens, that is, 
preparations of the tubercle bacillus dissolved in weak organic 
acids, Tuniessen " attempted lo produce immunity by means 
of autolyzed cultures and succeeded, in guinea-pigs and mice, 
with those which contained all partial antigens. Borissjak, 
Sieher & Metalnikow '" found that after iTtimunization with 
tubercle bacillus-wax, and with defatted tubercle bacilli, anti- 
bodies were formed not only against the tubercle bacillus- waxes, 
but also against living and dead tubercle bacilli. These investi- 
gations emphasize the importance of employing a complete an- 
tigen in solution for the purpose of securing a complete im- 
munity against the tubercle bacillus in the human subject. 

Mention must also be made of Welerainsky's Tuberculo-mucin, 
by means of which he and others aecuret! excellent therapeutic 
results, and with which he has recently undertaken the prophy- 
lactic immunization of children. 

Weleminsky started with the intention of isolating, from the 
culture-fiuid used for the preparation of old tuberculin, that 
substance which would prove to exert a healing effect in guinea- 
pig tuberculosis, however alight this effect might be. Instead 
of working up the culture-fluid of six-weeks' old cultures, as 
is euatoraary in the manufacture of old tuberculin, he permitted 
the cultures to grow much longer, preventing the evaporation 
of the glycerin-bouillon by einpluying culture-flasks which per- 
mitted only a slight access of air. In this manner many suc- 
cessive generations of tubercle bacilli were obtained on the same 
medium and, after about one year's growth, certain cultures 
showed a slight tendency to induce healing in tuberculous guinea- 
pigs. By selective eulturing, Weleminsky perpetuated the par- 
ticular cultures which showed this tendency and a substance was 
developed in the medium, in the course of several years, which 
gave the reactions characteristic of a mucin, and which Welemin- 
sky calls Tuberculo-mucin, attributing to it the healing proper- 
ties of tuberculin. 

In selecting those cultures which were to be perpetuated, 

"E. TSnihssen; BpH. hlin. Woch. IBH, LI, B3. 

"BoKissjHK, SiEBER & MzTALNiKOW; ZeitschT. f. ImmunitatsfoTBeb. 
Orig. 1912, XII, 65. 
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Weleminsky paid no attenlion to their eff«rct in causing the 
formation of antibodies, but solely to their influence upon the 
tuberculous process in guinea-piga. believing that the formation 
of immune substances is not identical with the healing effect 

The mucin to which Weleminsky attributes the healing action 
was developed in increasing quantities in the culture-medium 
by his selective cultnring, and is still increasing constantly in 
these cultures. 

Tuberculo-mucin is not toxic and does not injure tuberculous 
guinea-pigs even in eonaiderable doses. The culture-medium, 
however, and also the residual eultnre-bouillon. after the mucin 
has been extracted from it, both kill tuberculous guinea-pigs, 
showing that they contain tuberculin, the toxic principle of the 
culture- medium upon which tubercle bacilli have been grown. 
Weleminsky employs for his therapeutic uses both the "original 
culture-fluid" and the pure tuberculo-muein. 

Animal experiments in guinea-pigs with experimental tubercu- 
losis and in cattle with spontaneous tuberculosis were success- 
ful in so far eis, in the former, the development of tuberculosis 
could be arrested, or that it could be prevented if the tuberculo- 
mucin was administered at the time of the infection. The heal- 
ing effect was marked in tuberculous cattle, even in moderately 
advanced disease. Welemin.sky states that his attempts to pro- 
duce a protective immunization against later experimental in- 
fection have, so far, not been successful, although they promise 
results against the acquirement of spontaneous stable-infection 
in eow8. 

Several clinical reports have been published on the results 
of the use of tuberculo-muein in human tuberculosis, first by 
Pachner " and then by several other etinieians, which are re- 
viewed by Weleminsky in his latest collective report." In pul- 
monary, as well as in other forms of tuberculosis, very encourag- 
ing therapeutic results were obtained, in all of which the 
essential role of the focal reaction upon the healing processes 
is manifested. 

Tuberculo-mucin is diagnostic in the production of the ehar- 
acterislie local and focal reactions; it is also claimed to be 

■'E, Pachner; Bfitr. i. Klin. il. TuberkuloM; 1912, SXV, 137.— 
Zeitocbr. f. Tuborkulose i 1914, XXt, 529. 

"P. Welbuinsky; TuberculosiB; 1914, XIII, 458, 
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prognostic in so far as castas which are not capable of respond- 
ing to the stimulation, and therefore show no focal reactions to 
the injection of the remedy, have been found to terminate fa- 
tally, while in all those cases in which focal reactions were ob- 
served a favorable course of the disease ensued. 

Weleminsky 's tuberculo-mucin possesses a great interest in 
many respects; first, in the increase, by selective culturing, of 
a particular substance which appears to exert a decided healing 
action upon the tuberculous guinea-pig organism; then in the 
fact that this substance is not toxic and is, in fact, entirely dis- 
tinct from the toxic principle of tuberculin; further in tlie fact 
that, while it promotes healing, it does not appear to manifest 
an immunizing action in the sense that a protection against sub- 
sequent experimental infection is produced. 

The specific nature of tuberculo-mucin is evidenced in its 
healing action upon the tuberculous organism, and in the fact 
that it produces focal reactions; it is further shown in the 
influence which it exerts upon obscure conditions which must 
be attributed to a tuberculous intoxication, such as is observed 
in various mauifeslalions: for instance, in "tuberculous rheu- 
matism," in some skin affections, and in other ways. 

The results of our chemical and experimental studies of the 
constituents of the tubercle bacillus (Chapter X, p. 285) make 
it appear probable that the tuberculo-mucin of Weleminsky is 
identical with a beat-coagulable protein which we have isolated 
and which is necessarily lost in the manufacture of old tuber- 
culin when it is concentrated by heat. 

The favorable results of Petruschky and of Crofton with the 
use of preparations which they believe to contain the complete 
antigen, especially the fatty constituents of the tubercle bacillus, 
have been considered in another connection. While these authors 
have accomplished their successes only after prolonged treat- 
ment, their results, as well as those in the general application 
of specific treatment of tuberculosis, show that the human or- 
ganism responds to the parenteral introduction of specific prod- 
ucts of the tubercle bacillus in a favorable manner, which must 
be attributed to the development or increase of an active im- 
munity against the specific virus. (See p. 133 and p, 135.) 

Much additional evidence could be collected from literature 
lo show tile successful protection of lower animals, even of 



122 IMMUNIZATION AGAINST TUBERCULOSIS 

small laboratory animals like guinea-pigs; in young cattle, the 
value of prophylactic vaccination is no longer denied or even 
questioned seriously. We have never doubted that the human 
subject would respond to vaccination in like manner as has 
been observed in cattle, providing a vaccine were employed 
which contained all body-substances of the bacillus in an unin- 
jured form, and providing that a Sufficiently large dose could be 
administered with safety. This desideratum, we believe, we 
have complied with by the methods in which we prepare our 
vaccine, and we have overcome the necessity of prolonged treat- 
ment or of intravenous administration by removing the excess 
of lipoids which cause local necrosis. 

As far as we have been able to determine, our method, elabo- 
rated through many years of study and research, is the first in 
which a complete and effective immunity of the normal human 
organism against the tubercle bacillus and against tuberculosis 
has been produced by means of the administration of a single 
dose, in the manner of Jennerization, and by which infected 
and also early, that is to say, closed, uncomplicated and non- 
febrile cases of tuberculous disease have been apparently cured 
or arrested by means of one, two or three doses. After a period 
of nearly five years since we began the practical application of 
our vaccine for prophylactic purposes, we and others have 
observed nothing that requires a modification of our earlier 
opinion, namely, that tlie results are uniform and are obtainable 
with absolute safety and with sufficient simplicity of applica- 
tion that the method may be employed by the general 
practitioner. 



STUDIES LEADING TO OUR PRESENT METHOD 

Our studies with old and with purified tuberculin, in their 
therapeutic and prophylactic effects, date back many years dur- 
ing which the value of these remedies was investigated also ex- 
perimentally upon laboratory animals. In these experimental 
studies, however, the desired uniformity of success, which we 
deemed necessary in order to justify positive claims, was not pos- 
sible of attainment at that time, although clinically the aid 
derived from the remedies was sufficiently manifest to cause 
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US to persist in their euiploynient, after the medical profes- 
sion had practically abandoucd them as useless and even dan- 
gerous. 

Greater improvement in our clinical results than had been 
witnessed before with oltl tuberculin, was observed in 1896 after 
the adminifitratiou of a purified product made by extracting the 
bacilli in their culture-medium, and still better results were 
secured with the adoption, in lUdl, of a watery extract of 
tubercle bacilli prepared from bacilli that had previously been 
freed of their fats'" Auimal experiments with this latter prepa- 
ration also proved to be more encouraging ; but it still appeared 
to us that t^e results were not sufficiently uniform and, on that 
account, the experiments wei-e never published. While we 
succeeded more frequently than formerly in demonstrating an 
apparent protective or therapeutic eflfect, the failures in parallel 
and simultaneous experiments were still too numerous; further 
animal experimentation with the Watery Extract was then aban- 
doned, while our studies were contiuued in the search for a 
more effective preparation. 

Several series of bacteiicidal experiments with sera of appar- 
ently recovered patients, made during the years from 1899 to 
1906, failed completely. The causes for these failures can now 
easily be explained; they witc. evidently due to the fact that 
we sterilized the immune sera on three successive days at 56° C, 
and that we incubatiid excessive amounts of tubercle bacilli with 
the immune sera which had been selected with reference to their 
agglutinating titer but without regard to their content of other 
specific antibodies. 

In the light of our subsequent experiences, and especially of 
those accumulated during the several years past, the older ex- 
periments with the Watery Extract of Tubercle Bacilli have 
acquired a new interest for us and possibly also for others, and 
the relation of a few of them, in this place, may be justified as 
showing what encouragement they gave for continuing the work. 
Stndied in the light of later experiences, they also suggest to 
us the probability that, apart from insufficient treatment to ac- 
count for our failures, the reading and interpretation of autopsy 
results may have been more or less obscured, even at that time, 

"Kakl v. BuOKi Therapeut. Gazette. 1897, XXI, .S38. Trans. Amer, 
CKinatol. AsBOC, 1897, XIII, 7-1, 
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Experimental Treatment with Watery Extract at Tubercle Bacilli 
Before and After Infection 

QuiNEA-Pio No. 247. August 21, 1890. Weight 605 Grams. 

Treated before infection with Watery Extract, until October 12, 1896. 
Beceivcd 40 dosee, from 0.2 cc. to 0.5 cc. each, of the 0.01 per cent solu- 
tion of the Watery Extract; a total of 18. .1 cc, representing l.Sa mgr, of 
itie dried extract. 

October 13, 1896; weight 600 gma. Infected subcutaneouily with 0.1 
mgr. of virulent tubercle bacilli. 

Treated after infectioo, from October 14, 1896, to April 26, 1897, with 
QS dnsea, 0.5 cc. each, of the O.OI per cent solution of Watery Bxtnet; 
a. total of 42.5 cc. representing 4.25 mgr. of the dried extract. 

Died May 3, 1897. Weight SOU gnis., having lost 40 gms.; lived 201 daya 
siter infection. 

Aulopgy: Infection -point, healed scar. Regional lymph-glands fibroua. 
Liver greatly enlarged; tubercle bacilli in sQiears from crushed tissue. 
Spleen enlarged; macroscopic tubercle, but no tubercle bacilli in smearB 
from erushed tissue. Lungs contain one flbrocasoous tubercle, only one 
single tubercle bacillus being found in smear. Other organs normal. 

GuiHEA-PiQ No. 248. August 21, 1896. Weight 530 Grams. 

Treated before infection, and infected the same as No. 247. Weight 
600 grams. 

Treated after infecUon, October 13, 1896, to January 10, 1897, with 45 
dosei of 0.5 cc. each, of the 0.01 per cent solution of Watery Extract, a 
total of 23.5 cc, representing 2.2a mgr. of dried extract 

Died January 12, 1897. Weight 490 gnm., a loss of 110 gms,, 89 days 
after infection. 

Autopsy: Infection -site casoous; regional and other lymph-nodes caae- 
ous; very foiv tubercle bacilli in smears. Liver and spleen enlarged, fatty 
degeneration and doubtful tubercle; very few tubercle bacilli in smears. 
Lungi, isolated fibrous norlules; only tno tubercle bacilli found in smears 
from crushed tissue. 

OuiNBA-Pio No. 249. August 21, 1896. Weight 345 Grams. 

Treated before infection, and infected the sumc as guinoa-pig No. 247. 
Weight 415 grams. 

No treatment after infection. 

Died April 17, 1897. Weight 430 gms., a gain of 15 gma., 1S5 days 
after infection. 

Aatopty : Infection-site, minute caseous spot; inguinal lymph-glands 
enlarged, not caseous; no tubercle bacilli found in smears from crushed 
tissue. Liver very much enlarged; fatty degeneration and tubercle; fen 
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aeid-fast fragments in smears from crushed tissue. Spleen, few large 
caseous foci; no tubercle bacilli found in smears. Lungs, smaU, in some 
places coalescent nodules; no tubercle bacilli found in smears. 

OuiNEA-Pio No. 250. August 21, 1896. Weight 860 Grams. 

Treated before infection with 34 doses, from 0.2 to 0.6 cc. each, of the 
0.01 per cent solution of Watery Extract, a total of 16.1 cc., representing 
1.61 mgr. of dried extract. 

Infected the same as guinea-pig No. 247. Weight 745 gms., a loss of 
115 g^s. during treatment. 

No treatment after infection. 

Died December 25, 1897. Weight 550 gms., a loss of 185 gms. in 74 
days after infection. 

Autopsy: Infection-site caseous; few tubercle bacilli in smears. Regional 
and other lymph-glands caseous; few tubercle bacilli in smears. Liver very 
large, nodular and fatty; no tubercle bacilli found in smears from crushed 
tissue. Spleen very large, nodular; one single acid- fast rod in smear from 
crushed tissue. Lungs, large isolated fibrous nodule. No tubercle bacilli 
found in smears from crushed tissue. 

GuiNEA-Pio No. 244. No treatment Control. 

Infected the same as guinea-pig No. 247. Weight 475 grams. 

Died March 1, 1897. Weight 380 gms., a loss of 95 gms. in 138 days 
after infection. 

Autopsy: Generalized caseating tuberculosis, with tubercle bacilli in all 
lesions. 

GuiNEA-Pio No. 246. No treatment. Control. 

Infected the same as guinea-pig No. 247. Weight 635 grams. Died 
January 7, 1897. Weight 520 gms., a loss of 115 gms. in 86 days after 
infection. 

Autopsy: Generalized caseating tuberculosis, with tubercle bacilli in all 
lesions. 



GuiNKA-Pio No. 254. Weight 685 Grams. 

Treated August 21, 1896, to November 6, 1896, with 0.01 per cent solu- 
tion of Watery Extract, in doses of 0.2 to 0.5 cc, a total of 57 cc, repre- 
senting 5.7 mgr. of dried extract. 

Infected November 11, 1896, with 0.01 mgr. of human tubercle bacilli; 
weight 765 gms., a gain of 80 gms. during treatment. No treatment after 
infection. 

Killed September 7, 1897, or 300 days after infection. Weight 630 gms., 
a loss of 135 gms. 

Autopsy: Infection- site not found. Regional lymph-glands enlarged, 
some with central caseation; no tubercle bacilli found in smears. Liver 
and spleen normal. Mesenteric glands caseous; tubercle bacilli found in 
smears. Lungs, few isolated fibrous nodules; degenerated tubercle bacilli 
found in smears from crushed tissue. 
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QuiNKA-Pia No. 259. Weight 515 Grams. 

Treated the eatne hh guinea-pig No. S54. 

Infected November 11, 1896, with 0.01 mgr. of tubercle bacilli sub- 
cutaneouslf. Weight 585 gnis., a gain of 70 gms. during treatmeot. 

Treated after infection, November 12, 1898, to March 3, 1897, with 58 
doses of 0.01 per cent solution of Water; Kxtiact, a total of 20 cc., repre- 
aenting 2.9 mgr. of dried eitraet. 

Died October 22, ISBT, or 345 da;s after infection. Weight 620 gms., 
a gain of 35 gms. 

Autoptp: Infection-site not found. Regional lymph-glanda fibroua. 
Liver and spleen enlarged. Lungs, numerous (ibrous areas and luore 
recent nodules) tubercle bacilli in smears from crushed tissues. 

QuiNZA-Pia No. 263. Control. No treatment 

' Infected the same as guinea-pig No. 254. Weight 3iiO gms. 

Died Uarch 22, 1897. Weight 354 gms., a gain of 4 gms. in 131 daja 
after infection. 

Aatopay: Generaliied tubercnlosiB. BmeaJS show tubercle bacilli in all 
lesions. 

QdinU'Pis No. 265. Control. No treatment. Weight 510 Grams. 

Infected the same as guinea-pig No. 254. 

Died March 12, 1897. Weight 390 gms., a loss of 120 gms. in 121 days 
after infeetion. 

Avtopay: Generalized tuberculosis. Tubercle bacilli founj in all lesions. 

GumsA-Pio No. 335. 

Treated with 1 per cent solution of Watery Extract, from December 
10, 1898, to February 8, 1899. Pour doses, 0,25 cc., 0.5 cc, 1.0 cc, 1.0 cc., 
a totaJ of £.75 ec, representing 27.5 mgr. of dried extract. 

Infected subcutaneously, March 2, 1699, with emulsion from CBseoui 
lytnph-gland eontiiiiring tubercle bacilli, obtained on autopsy of guinea- 
pig No. 271; weight, 560 gms. Died August 12, 189B, or 163 days after 
infection; weight 5S0 gms., a gain of 20 gms. 

Autopry: Infection-site thickened; regional lymph-glands, mesenteric 
and bronchial glands fibrocaseous; tubercle bacilli in smears. Organs 
normal. 

GulNEA-Pio No. 336. Control. No treatment 

Infected March 2, 1899, the same as guinea-pig No. 335; weight 640 
grams. Died May 17, 1899, or 47 dayg after infection; weight SIO gnu., 
a toss of 13(1 gms. 

Autopsy: Generalized tuberculosis; no record of smears. 

While our older studies and esperiments were not satisfactory 
and had left us in doubt, the advances made thereafter in i 
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searches in immunity justified the resumption of our investiga- 
tionSy at first by studies in coiuplement-fixation, which we con- 
ducted systematically for several years with sera from patients 
before, during and after treatment. In these studies it was 
found that the results often varied from day to day, and that 
the variations showed a relation to the administration of spe- 
cific remedies, to exercise, to the titer of the opsonic index, and 
so on. In order to exclude possible technical errors, larger 
amounts of serum were taken and examined, and positive speci- 
mens were preserved and employed as controls, in which the 
titer was found to be constant. 

The antibodies found being specific, their titer, when deter- 
mined in quantitative tests, served us as an index of the specific 
resistance of the individual from whom the serum specimen had 
been taken. 

In these studies we found patients whose sera, having been 
persistently negative as to complement-fixation before treatment, 
gave positive reactions on examination after comparatively short 
periods of treatment. It was then natural to inquire how many 
doses would be necessary to cause the maximal titer in the 
complement-fiization test, with our new preparation which we 
believed to be superior to others, including the Watery Extract 
of Tubercle Bacilli, in that it contained all bacillary constitu- 
ents and yet was free from the danger of causing necrosis and 
abscess at the site of injection. 

It did not require an excessive power of imagination to feel 
that we were approaching the realization of our aim of pre- 
ventive vaccination more closely. It was a question of the num- 
ber of doses, of their toleration without causing harm or un- 
duly severe reactions, of uniformity in response, of simplicity 
in application and in the selection of suitable cases for its 
administration. 

If these questions could be settled satisfactorily in infected 
children, we intended to recommend their vaccination on the 
ground that a greater resistance could be assumed to have 
been conferred on them because of the appearance of specific 
antibodies; if we could show like results in children who had 
as yet not been infected, their vaccination was justifiable for 
the same reason; and the prospect for additional support from 
animal experiments was good, since now we could test our treated 
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animals before mfecting them, and could select our immune 
by the same test for the study of their bactericidal power, 
this was at all demonstrable in vitro. 

It should be borne in mind that we were working in two 
directions, one being the demonstration of protective substances 
in the form of specific antibodies, the other the improvement 
of the speciiic antigen or vaccine which we proposed to adminib- 
ter for the production of these antibodies. The results of thi 
studies and experiments formed the basis of our first report, 
of June 1, 1912. 

The increasing conviction that the whole baciliary substance 
was necessary, the generally observed liability to the production 
of necrosis and abscess with tlie use of tubercle bacillus emulsioo, 
unless the doses were small and the increase was gradual, our 
willingness to employ a living virus in the human subject, and' 
the impracticability of the intravenous mode of administration 
for general application, all these considerations had cansed ns 
to direct our efforts toward the improvement of the Watery Ex- 
tract of Tubercle Bacilli which, as we then undfirstood it and 
believed, contained only the water-soluble pi)fleil)|lof the vinvj 
and was therefore not a complete antigen. 

We had approached the problem of improving our Wat«i 
Extract of Tubercle Bacilli in the spring of 1906, first by chemirj 
cal studies of the tubercle bacillus, and thereafter by produci 
numerous preparations in which the water-soluble proteins were 
supplemented by other constituents of the tubercle bacillps, 
which were less soluble, and by small amounts of the baciliary 
fats. These preparations were, in 1907, first tried upon ani- 
mals, in order to detenoinc their toxic and necrosing action 
when administered subcutaneously ; finding no cause for objec- 
tion in this respect, we then tried one of them clinically in tu- 
berculous patients, apparently witli such gratifying results as 
to induce us to place this preparation at the disposal of several 
clinicians, in order to check up our own observations. 

Our attention had been directed to the importance of the fats 
contained in Ihe tubercle bacilli, for purposes of immunization, 
by the experiences of Deycke in lepra. Deycke Pasha & Reschad 
Bey " had isolated a neutral fat from cultures of the Strepto- 
thrix leproides, which they called Nastin and which they found to 
'DiTCEiPiaHA & RiLscuAO Bey; loc. eit. (p. 118). 
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be an essential factor in the specific treatment of leprosy. It was 
of further importance that Hang & Forssman -* could show that 
the lipoid substances of red blood-cells give rise to the produc- 
tion of specific hemolysins ; and finally other authors found that 
complement-binding substances could be produced by treatment 
with certain lipoids. 

It has been denied that pure lipoids possess antigenic proper- 
ties, and the development of antibodies, after immunization with 
lipoids, has been attributed to the admixture of protein-sub- 
stances. Deycke & Much ^- have demonstrated an immunizing 
effect with a mixture of nastin and of bacillary proteins in 
solution, which could not be obtained with either the lipoid or 
the protein alone. 

In January, 1908, we employed deliberately, as the first, a 

WHOLE VACCINE, IN SOLUTION, OP THE TUBERCLE BACRiLUS for 

elinical purposes, which contained, in addition to the soluble 
proteins, one milligram of the tubercle bacillus-fats per cubic 
centimeter. We were therefore not only the first to employ, for 
immunization, the proteins of the tubercle bacillus in solution, 
which we did in 1897, but we were also the first to act upon the 
recognition of the fact that all active substances op the tu- 
bercle BACILLUS, INCLUDING THE BACILLARY PATS, ARE REQUIRED 

FOB A COMPLETE IMMUNIZING EPPECT, and the first to put this 
principle into practise by the clinical administration of a com- 
plete antigen in solution. 

Dr. H. L. Taylor of St. Paul, Minnesota, was one of the 
clinicians selected by us to undertake clinical studies with the 
preparation in question, and he referred to his experiences with 
it briefly in the first paragraph of a paper ^^ in which he pub- 
lished the results of his observations with our present vaccine. 

We were obliged to discontinue the use of this preparation be- 
cause necrosis and abscess followed its administration at the 
point of injection, although it contained only one milligram 
per cubic centimeter of the fatty extracts, while our analysis 
of the whole substance of tubercle bacilli had shown them to 
contain from twenty-five to forty per cent in fats of their total 
dry weight. 

"Bano & FoassMAN; Centrlbl. f. Bakt. Orig. 1906, XL, 151. 

"Detckb & Much; loc. cit, (p. 118). 

"H. liONGSTBEBT Tatlob; St Paul Medical Journal; 1914, July. 
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The abscesses which were then observed did not appear as I 
promptly as one would expect ordinarily; the first one formed , 
six weeks after the injection of a small therapeutic dose. This 
and subsequent injections had given rise to local reactions con- 
sisting of areas of circumscribed redness, swelling, heat, and 
tenderness to pressure, but apparenlly not differing from like 
local reactions which we had been in the habit of noting in our 
early experiences with similar preparations, including our 
Watery Extract. The reactions subsided as usual and, during 
the six weeks since giving the first dose, we had administered 
six more, when it was noticed that the injection-site of the first 
dose again appeared slightly swollen and red and that it was 
painful. 

The marked and striking clinical improvement in this case 
(a child with an open destructive lesion in one lung) had before 
this time become so convincing that we had started treating 
a number of other patients with this vaccine, and we were con- 
sidering a still more extensive clinical use of it, when the obser- 
vation in the child's case was made. In further respect to it, 
it is only necessary to say that sterile abscess developed a few 
days later, that like abscesses occurred successively at the sites 
of all previous injections, and that our experience was the same 
in all patients who had been given one or more doses of this 
preparation. Although reluctant to give up the clinical use of 
this vaccine, as was also Dr. Taylor, who was so pleased with 
it that be desired a further supply and was ready to take the 
disadvantages of abscess- formal ion into the bargain, we made 
no more of it. A new preparation containing only one-tenth 
milligram of fat-extractives, which we tried a year later, still 
caused abscess in doses of 0.05 cc, although not so uniformly, 
and these accidents were never eliminated completely until 
the fat-content of the vaccine was reduced to the amount in 
which it appears in our present formula. 

When we were satisfied that the necrosing effect was over- 
come, and we bad no longer need to fear abscess, we studied the 
effect of our vaccine upon the pro»iuction of antibodies ss dem- 
onstrated by laboratory methods. We had already learned that 
serum -specimens taken from the same individual on succesaive 
days were sometimes low, sometimes high in their antibody-con- 
tents, that the negative and positive phases in tuberculous sub- 
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jects were lilti-ly to alternate, and that our dosea were always 
followed by a negative phase, exactly as Sir Almroth E. "Wright 
had shown to occur after the injection of tubercle bacillus emul- 
sion. The difference in our oases was that the negative phase 
was not prolonged over weeks, as he observed it, but that it 
gave place lo a positive curve in the course of a few days. 

The reason for this difference is not difficult of appreciation 
on considering that we worked with a vaccine in solution which 
could be administered in comparatively large doses, and the 
prompt absorption of which was followed by an equally prompt 
reaction, whereas Wright was limited to the use of minute doses 
of an emulsion of tubercle bacilli which had to be dissolved 
and fitted for absorption in the living body by processes so 
tedious and uncertain that a prompt response could not be 
expected. 

We concluded, therefore, that a vaccine which is suitable for 
practical prophylactic immunization must not only contain all 
bacillarj' constituents, but that these must be in solution and that 
the preparation must be so balanced in its fat-content as to 
eliminate the danger of necrosis or abscess, the occurrence of 
which would preclude its general use, even if it were otherwise 
efficient, because the interested public would refuse it or, at all 
events, would object and, from its standpoint, perhaps prop- 
erly. The possibility of ulceration at the site of vaccination is 
a potent cause of the fear of prophylactic vaccination against 
smallpox, and the justice of thitt fear cannot be denied on con- 
templating the shocking disfigurements which are sometimes 
seen on the arms of patients in the consul tat ion- room. Physi- 
cians themselves will appreciate this on reflecting what it would 
mean for parents to have to accept an ugly, slowly healing sore 
upon the body of a loved baby or child, the need or the value 
of whose protection against tuberculosis they could, as a rule, 
not appreciate at the time, and, vaccination having been neg- 
lected, not until after the signs of clinically manifest disease 
had declared themselves. 

Numerous serum- specimens from individual patients were 
again examined daily, in order to determine the time of appear- 
ance of antibodies after a dose of vaccine had been administered, 
and a critical examination of the charted results caused us to 
select the fifth day as the proper one for repeating the dose, 
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because at that period the low point of the negative phase J 
had usually been passed and the positive phase was agaiB ] 
present. 

We are not prepared to show that the administration of vac- 
cine during the negative phase would be detriraeatal, and we 
are well aware of the practise of many clinicians of giving smalt 
doses of Tuberculin or of Bacillus Emulsion, even daily or at 
short intervals, without any serum-control whatever; in fact, 
we have done so ourselves in the past. We feel, however, that 
there is much to be said in favor of a mode of administration by 
which a continued negative phase is guarded against and the 
organism is given a chance for reaction, espedally when the 
doses are large. We are also conscious of the fact that the 
interval of five days is more or less arbitrary and tliat, at least 
theoretically, serum-tests are always necessary for absolutely ex- 
act work. We found, however, by numerous daily testa on many 
patients that, in a given case, a dose on the fifth day or five 
days after the subsidence of a general, febrile reaction as a rule 
coincided with the reestahlishment of the positive phase, the 
serum-titer being then at its acme or near it and, finding more- 
over by control examinations that, by the time the result of the 
serum examination could be known, the titer was apt to have 
changed again, we accepted our general results as sufficiently 
exact for practical purposes, and wc have given our doses on this 
plan since then. 

In our first report on a practical method of prophylactic vac- 
cination against tuberculosis," it was pointed out that the ob- 
ject of the studies leading up to the development of this method 
rested in the accomplishment of a practical means for protective 
immunization against tuberculosis, and that the proposed metiiod 
must be safe and simple, and its results must be uniform, if it 
was to prove serviceable for general application, the same aa ia 
the case in vaccination against smallpox or against typhoid t 
As our additional experiences have shown that onr method n 
these requirements, it is our purpose to lay the accumulate 

"Kabl v. Buck; Joani. A. M. A.; 1BJ2, LVIII, 1504.— A Prac 
Hethod of Prophyliictic ImmuniKation againat TubeieuloaiB with E 
Beference to it* Application in Children; Pamphlet, Aslieville, N, C, '. 
— Modical B««ord; 1912, hXXXU, 360. 
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evidence before those who are interested in the procedure, with 
a view to its general adoption. 

In the publications referred to we fully described the vaccine 
which we employ, giving a detailed account of its manufacture, 
and we did not fail, at that time, to point out the necessity of 
continuing the related experimentB, and the need of further 
practical studies. Concerning the vaccine, as then prepared, 
we disclaimed entertaining the idea that it alone could have pro- 
duced the resulb^ which we bad observed, but we expressed the 
belief that a preparation intended for prophylactic use, espe- 
cially in a single dose, not only must contain all constituents 
of the tubercle bacillus, hut that these should be properly pro- 
portioned and in solution. These conditions are complied with 
in our vaccine. 

Since then certain experiences obliged us to make some 
changes in the technical details in the manufacture of the vac- 
cine for tie purpose of preventing deterioration of its con- 
stituents, which had been discovered in the fall of 1913,'" and of 
securing the absolute uniformity of its action. Requiring both 
chemical and biological investigations, these studies were neces- 
sarily tedious and are not yet completed entirely; but they have 
yielded enough information at this time so that the occur- 
rence of chemically demonstrable changes, with the increasing 
age of the vaccine, is now prevented. 

Prior to our writing in 1912, the subject of vaccination had 
been proposed by several authors, especially by Heubner, 
V. Behring, Calraettc, and by others, without any practical appli- 
cation of such a method having been undertaken. Petrusehky 
has insisted for many years upon the importance of prophy- 
lactic immunization, especially of children living in families in 
which there are tuberculous members, and he attempted to secure 
it by means of persistent periodical courses of treatment with 
tuberculin. In order to avoid the many disadvantages of sub- 
cutaneous injections, he finally developed C. Spengler's method 
of percutaneous administration, for which he now employs a 
"liniment" containing a glycerin-extract of dried human and 
bovine tubercle bacilli, a small amount of which is applied on 

"Karl v. Kuck; Expcriencps in Propliyinolic and Therapeotie Immuiii- 
ution against Tuberculosis. Pamphlet, Aslieville, N. C, 1914, p. 7. 
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alternating places of the body, at intervals of three days. The 
applications are made by the persons to be ituouitiized, on tbeir 
own bodies. 

In Heia, a peninsula projecting into Danzig Bay on the Baltic 
Sea, which is inhabited by fishermen and ia practically isolated 
from the world, Petruschky ^^ instilutcd. iu lilll, tlic deliberate 
"aasanation" of all families in which tliere were tuberculous 
persons, or individuals who reacted to the tuberculin test. In 
addition to the very eucouraging therapeutic results which fol- 
lowed, he succeeded in restoring the " pre tuberculous " persons, 
mostly children, to health, and could report recentJy that the 
inhabitants of ilela are now entirely free from tuberculosis. 

Petruschky 's method was employi'd also by Kutschera " in 
several nuns' convents in the Tyrol, which were permeated with 
tuberculosis so seriously that all novices acquired the disease 
within one year of their admission. Kutschera reported excel- 
lent results after an observation of only nine months. He em- 
phasizes the fact that the development of open tuberculosis can 
be prevented by timely specific treatment and that, in this man- 
ner, the development of future sources of contact-infection 
is avoided. 

Petruschky 's experiments appear to have shown that whole 
tubercle bacilli can be made to be absorbed by the skin, and 
that they are broken up in tlie process and disintegrated. He 
decided upon the glycerin-extract, after employing various ex- 
tractives in bis endeavor to obtain a whole antigen, and espe- 
cially to secure the lipoid constituents of the tubercle bacillus, 
which are supposed to be essential for immunization. The dis- 
advantages of liis method lie chiefly in the necessity of apply- 
ing his preparation by the percutaneous route, which makes 
it slow and tedious and more or less uncertain in results, be- 
coming in fact a course of prolonged treatment. In the light 
of our own experiences we doubt that absorption and disinte- 
gration of tubercle bacilli occur through the skin, and, inas- 
much as Petruschky 's results were obtained in infected indi- 
viduals, we believe that they can be explained satisfactorily 

"J. PKTRi'srHKT ; Beitr. i. Klin. d. Tuberkulose ; 1914, XXX. 217. — 
Munch, toed. Woch.; 1915, LXII, 146. 

"AD. Kutschera; Milnclj. meil. Woch.; Ifll4, LXI, 974.— Wien. Win. 
Woch.; 1914, XXVII, 799.— Tul*rculo8ia; 1914, XlII, 381. 
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iKrough the action of the substances which were contained in 
Uie glycerin-extract which in reality corresponds with tuberculiD 
and therefore stimulates the development of spontaneous or 
auto-immunization through the occurrence of focal reactions in 
the tuberculous organism. 

In an interesting recent communication, Dr. W. M. Crofton," 
of Dublin, relates that it has been his practise for the last eight 
years to urge the raerahera of families whose parents were tu- 
berculous or in which ea.ses of tiiberimlosis had occurred, to 
undergo short courses of treatment with tuberculin. Under the 
use of Tuberculin TB for prophylactic purposes, the improve- 
ment in health, in many of the members of tuberculous families, 
has been most satisfactory and, so far, no case of tuberculosis 
has Oi.'curred among those so treated ; but as the author points 
out himself, the numlicrs are far too small to have as yet any 
value. 

Realizing the deficiencies, as antigens, of Tuberculin TB and 
of all other tuberculins on the market, Crofton has prepared 
what he believes to be a whole antigeu for therapeutic and 
prophylactic immunization by dissolving tubercle bacilli in ben- 
zoyl chlorid solution, diluting the solution with liquid paraffin, 
10 represent two per cent of the benzoyl chlorid solution, and 
adding iodoform dissolved in ether "so as to combine imrauno- 
and chemo-therapy. " 

In Crofton 's opinion, "there is only one method of bringing 
up a low resistance to normal or of increasing a normal resist- 
ance, and that is the production of specific antibodies in the 
individual, by inoculating him with a vaccine of the related 
microbe. In the case of a universal infection like tuberculosis, 
it is the only measure that will protect when the constitutional 
resistance is lowered by the various environmental and inherited 
causes of low resistance." 

He believes that, "while everyone ought to be vaccinated 
against tuberculosis, so as to make sure their resistance is at 
least normal, a beginning might be made with members of fam- 
ilies in which tuberculosis has occurred, since their resistance 
is usually subnormal and they have peculiar opportunities for 
contracting the disease." This is exactly what we proposed four 
years ago and on many occasions since then. 

"W. M. Cboftok; Brit. MeJ, Jourii; 1B15, I, 629. 
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Reference may also be made in this connection to a report by 
Helwes "" of an attempt to prevent the further development of 
open eases of tuberculosis in an entire country district by treat- 
ing all closed cases with tuberculin: Old Tuberculin, Bacillus 
Emulsion and Alburaose-free Tuberculin were employed for the 
purpose. The undertaking was carried out under the auspices 
of a county tuberculosis tommissiou and had a twofold effect; 
first, the restoration of many closed cases of tuberculosis to 
health, thus preventing their becoming infectious, and second, 
that of educating the very conservative people of thb par- 
ticular country district to consult the physician in good time, 
and to take advantage of the general methods employed for 
the limitation of tuberculous disease. 



We have repeatedly referred to the slow and incomplete spon- 
taneous development of specific immunity against tlie tubercle 
bacillus at a sufficiently early period of infection, and have 
explained it by the lack of solubility of its body-substances. 
It was this lack which caused us, twenty years ago, to under- 
take their artificial extraction in the preparation of a purified 
tuberculin and, thereafter, of a watery extract made from the 
bodies of the bacilli; it likewise governed ua in the prepara- 
tion of our vaccine. The resistance of tubercle bacilli to ordinary 
solvents, as well as in tuberculous tissues, has long been known 
and is generally recognized. 

Petrusehky '" accounts for the difference in rapidity and de- 
gree of the spontaneous development of immunity, between cer- 
tain acute diseases and tuberculosis, by citing the facts that 
tubercle bacilli are provided with an impermeable fatty-waxy 
capsule, that they are of very slow growth, and resist destructive 
influences, and by the peculiar behavior of the body in response 
to their invasion. The attempt of the organj-sm to isolate the 
invading bacilli by encapsulation leads to the characteristic 
phenomenon of tubercle- formation. This same encapsulation 
prevents any considerable transition of specific substances of 
the tubercle bacillus into the body-fluids and thereby binders 
the stimulation of a marked antigen-effect as it is observed to 

"Hklweb; ZeitBChr. f. Tuherk.ilosc. Iflia, XX, 33. 

"J. PETBuacnxy; Orundnsa dpr spezifiHclieu Dia.gnofltik unil Ther&pie 
der TuberkuloM. Leipiig, 1B13, S. 47. 
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occur spoutaneously in most acute bacterial diseases. While 
the point of infection is overloaded with specific poiKons, and 
for this reason succumbs more or less to neiTOsis, too few of 
the bacterial poisons get into the body at large to train and 
stimulate the defensive apparatus sufficiently. As soon as the 
encapsulation is broken through, e.g., when a tuberculous focus 
with necrotic center breaks down, not only specific poisons but 
also living tubercle bacilli enter the body-fluids and may lead 
to metastases, to new colonizations of tubercle bacilli with, again, 
encapsulation or tubercle- format ion. Thus the vicious circle is 
established which renders the activation of natural healing proc- 
esses very difficult and often futile, because they are insufficient. 

"If, however, specific bacillary substances are introduced de- 
liberately into the body, the antigens can produce the neces- 
sary reactions and the organism is thus enabled to form anti- 
bodies without the associated risk of colonization of new tubercle 
bacilli, that is to say, of an extension of the disease. The 
antigen-action being specific for the part as well as for the whole, 
the antibodies are formed for the several constituents of the 
tubercle bacillus of which the antigen eonaist.s, which illustrates 
the necessity of employing a whole antigen for effective immuni- 
zation. 

"By the introduction of specific remedies, therefore, the natu- 
ral healing process, as it is observed to occur in bacillary diseases, 
is promoted, and it becomes possible lo heal tuberculous disease 
in a natural manner, and also to prevent it in the same manner 
as it is prevented spontaneously, in instances in which the infec- 
tion never develops into actual disease." 

As we have considered and investigated the subject of prophy- 
lactic vaccination against tuberculosis only from a thoroughly 
practical standpoint, as applicable by the general practitioner, 
and with a view lo its adoption for the benefit of ihe masses, 
it has for us not been a question whether a specific immunity 
could be produced at all against the tubercle bacillus and 
whether, if produced, it would prove of practical benefit; on 
these points we have satisfied ourselves years ago in Ihe affirm- 
ative sense. The object of our studies has been to find a prac- 
tical method, free from all objections in the .sense referred to, a 
method which might be recommended for use in all children who 
bad suffered exposure to infection in their homes, and eventu- 
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ally for use in all other diildreu as well as in all adults. After 

NEARLY FIVE YEARS OF PKACTIC.YL EXPERIENCE, WE ARE STILL OON- 
VINCED THAT A WHOLE VACCINE IN SOLUTION, WITH NO GREATER 
AMOUNT OP THE BACILIjVRY PATS THAN OUB VACCINE CONTAINS, 
WILL MEET ALL REQUIREMENTS OF SAFETY ANI> SIMPLICITY OF AD- 
MINISTRATION, AND ALSO ALL REQUIREMENTS OP EFFICIENCY AND-QF 
UNIFORMITY IN TOE PRACTICAL BESLl.TS. 



GENERAL CONSIDERATIONS OF SPECIFIC PROPHYLAXIS 

Since the publication of our first report, our method of 
prophylactic vaccination has been applied further, by ourselves, 
in 1512 children and in 106 adults. Dr. Julian^' of Thomas- 
ville. North Carolina, has vaccinated over 200 additional chil- 
dren in the Baptist Orphanage of that place, and numerous phy- 
sicians elsewhere have used the vaccine for like purposes. Sev- 
eral of these indopendcul observers have published the results 
of their experiences which, like our own, were chiefly with chil- 
dren who were or had been exposed to infection in the family 
and in whom clinical manifestations of tuberculous disea.se were 
already in evidence. Dr. Flack, ^" formerly of Spray, North 
Carolina, now Professor of Pathology in Wake Forest College, 
made extensive use of the vaccine in connection with the Wel- 
fare Work in the families of factory employees, using it for 
prophylactic and for therapeutic purposes in over 500 cases. Dr. 
Frank Neall Robinson " of iMonrovia, California, made a prelim- 
inary report on thirteen eases. Dr. J. J. Terrill" of Temple, 
Texas, reported on his results in eleven cases. Dr. W. H. Wat- 
terson " of Waukegan, Illinois, published his results in ten 
prophylactic cases, and in 31 early, 33 moderately advanced, and 
15 far advanced cases of tuberculous disease, including two 
cases with laryngeal tuberculosis. Certain results observed b.v 
Dr. B. F. Terry "" of Rising Star, Texas, who has probably 

"C. A. Jl'UAN; Meclieal Reconl; 1313, LXXXIII, 1058. 

■R. B. Flacr; ClinrlotW Meiiipal JoTimnt; 1914, June, and 1815, 
Pebmary. 

■P. N. Ifc!RrN,si>.Ni Cnlif. Htntf .lourn. of Mcilirinei 1914, March. 

".T. J. Tebrii.i.; Texaa Stats' Joiini. of Metlicine; 1914, December. 

"W. H. Wattebson; Illmois MetiicHl .Tournal; 1915, February. 

■■ B. F, Tebry; New OrWiis Me,!, anil Surg. Journal; 1915. LXVIII, 81. 
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the largest individual experience in the ajiplieatiou of iht vae- 
eine, were recently piihlislicd. Dn Tayliir'" loported, among 
otherH, on the cases of two children vaccinated by liiin in an 
orphanage, which are of particular interest because the resulti 
are attested by the physician in charge of tlie inRlitution, and 
also because the relation of the vaccination to the results is ao 
evident that no room is left for doubt. Mention may be made 
again of the first publication on the practical application of the 
vaccine, by Ur. Julian, in which the information given in our 
first communication on the subject was presented in greater 
detail than it had been possible for us to do. It may be men- 
tioned further, in this connection, that in response to an in- 
quiry '" among other physicians, in regard to their experiences 
with the Watery Extract of Tubercle Bacilli and the Vaccine, 
fifty physicians report, good results from the prophylactic use 
of the Vaccine, while two physicians report negative results.'* 
Of the former, forty observed a marked increase in weight in 
their vaccinated children; three failed to note such an increase. 
From the prophylactic use of the Watery Extract, eleven physi- 
cians report good results, and seven of them have observed an 
increase in weight. 

The object of our additional studies was chiefly to extend 
our observations to a sufficiently large number of cases which 
were to be controlled by biological studies and by bactericidal 
experiments upon animals, with serum taken before and after 
vaccination. The bactericidal experiments, finished and reported 
upon in 1912, were only sixteen in number, and it was desirable 
to ascertain with what degree of uniformity like results could 
be obtained in a larger series of experiments. It was further 
advisable to determine whether, in case the animals were not 
killed or at any rate were allowed to live much longer than the 

"H. L. Tat1:OB; l„c. ciJ. (p. 129). 

■K. V. Ruck & Silvju v. IIuiik; A (Jlinical Study of 9G5 Cases of Piil- 
iDOuaij Tuberculosis. Pamphlet, Asheville, N. C, 1915, p. SO, B. 

'In Dornml, healthy rliildren, tlie results of prupbylacttc vaecinotioD 
Dgainiit tuborculoais cnu necessurily uot become apparent io a general im- 
proTement in health, since tiiis had not been impaired ; in those children 
the vaccination is unilertaken purely as a measure of precaution, like 
vaccination against smallpox. Tlie same holds good in the case of infected 
or tuberculous individuals who are as yet free from symptoms and whose 
nutritioD has not deteriorated on uecoimt of a tuberculous toxemia. 
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controls, the infecttoa would not develop at later periods; and 
finally we wished to know for how long after vaeeination the 
bactericidal power of imniime serum could be demonstrated; in 
other words, how long the artificial immunity could be proved 
to persist by laboratory tests. 

In our report of 1912 we mentioned the results oi our first 
reexaminations which were made six mooths after vaccination 
in 118 children at the Thomasville Orphanage, who had pre- 
sented physical signs of structural changes in the lungs before 
they were vaccinated. At that time we spoke only of improve- 
ment, because it was possible that the results then found might 
not be permanent. Later reexaminations, the results of which 
were reported by Dr. Julian, the physician in charge, have 
shown, however, that no relapses have been observed. In this 
connection we refer with considerable gratification to a per- 
sonal communication from the Rev. Dr. Kesler, the superintend- 
ent of the institution, to the effect that, up to January, 1916, 
none of the vaccinated children had lost the improvement follow- 
ing upon their vaccination, and that tiiey continue in good 
health. In two cases of open tuberculosis, treated with eight 
slowly increasing doses of vaccine, a relapse was noted, however, 
during the past year : in onp case after a severe attack of pneu- 
monia; in the other after persistent indiscretions. A third case 
also failed to maintain the improvement which had been evident 
before. 

The uniform general improvement and the disappearance of 
signs of tuberculosis- in feet ion in the vaccinated and treated 
children, were so unmistakable and decided that, even if we bad 
been unable to support the results of Dr. Julian's and our own 
clinical examinations by confirmatory laboratory evidence, the 
administration of the vaccine in similar eases would not only be 
justified, bnl urgently demanded as a practical therapeutic 
measure and as one that may be expected to prevent the subse- 
quent development of phthisis after infection has taken place. 
One or two doses of vaccine having been sufficient to produce 
these results, and their administration constituting, in addition, 
a diagnostic test as reliable as any other and more so than the 
cutaneous tuberculin test, no good reason w>iatever exists why 
the vaccine should not be administered to children in whom we 
have reason to suspect an infection with tubercle bacilli. In 
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such cases it is a logical procedure, the same as is a tuberculin 
test ; but, unlike the latter, it has the important advantage that, 
in the tuberculous, its substitution for tuberculin is followed by 
improvement and by the restoration of the general health when 
this has been impaired by reason of an existing infection. The 
clinical observer can demonstrate such a result in every case, 
without laboratory' tests and without recourse to experiments, by 
the administration of the vaccine. 

In our clinical observations only one seeming contradiction 
has been noted, in a boy ten years old. whose record showed 
previous and continued exposure to infection. Examination dis- 
closed a sallow complexion, irregular rises of temperature, en- 
larged lymph-glands, slight physical changes in one lung, defi- 
ciency in weight and strength. The boy reacted locally and 
generally to a small dose of vaccine but, although he received 
additional doses and finally the maximal dose, there was not 
only no general improvement but he lost several pounds in 
weight and the fever failed to disappear. 

The boy, who lived at a distance, was permitted to return 
home with the understanding that he should be brought back 
for further examination if he did not improve. When this was 
done a month later, our examination showed decided improve- 
ment of physical signs in the lung, but the fever had continued 
and he had lost more weight. The charted temperature records 
caused us to suspect a complicating malaria; plasmodia were 
found in the blood, and the patient slowly improved under 
antimalarial treatment which we instituted and which was con- 
tinued at home until his recovery was established. 



CHAPTER VI 
THE ADMINISTRATION OF THE VACCINE 



SELECTION OF CASES FOR PROPHYLACTIC 
VACCINATION 

Examination of Patients before Vaccination 

We tuay pcrliaps aid some practitioners In the yeleetion of 
cases for the prophylactic and the therapeutic tise of the vaccine 
respectively, by pointing out tlie considerations which govern us 
in our practical work, and by discussing them critically. 

Before deciding whether a particiilar individual, especially 
a child, is suitable for tlie administration of the vaccine in doses 
given for prophylactic purposes, it is well to ascertain whether 
there has or has not been a known exposure to infection, espe- 
cially in the family. In the case of children in families in which 
there is a tuberculous patient, an infection is the more likely to 
have taken place the younger the children are and the more 
intimately they have come in I'ontaet with the person or persons 
affected with open tuberculosis. 

P'or the purpose of physical examination, it is necessary to 
remove the clothing so as to give access to the entire body down 
to the hips, covering the child with a loose wrapper for protec- 
tion. The first part of the examination is lo make a general 
survey of the child's appearance and slate of nutrition. If 
an exposure to infection is likely to have occurred in the family, 
we are not surprised if the child appears less robust and if his 
appearance is more delicate than would be expected in a normal 
child of the same age, or if his nutrition, as measured by weight, 
is lacking more or leas. With respect lo tlie state of nutrition, 
we are, however, not governed entirely by Ihe miniber nf pounds 
the child wciphs. but take into considcraliou also the l<ody-length, 
as well as the size and nia.s.siveness of the bony frame. Next we 
note the condition of the skin, its color, smoothness and elas- 
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ticity, and that of the conjunctival and oral mucous mciubranes, 
lui-ideutally also invesligaling Iht- I'onditiou of the ti.'ctli, gums, 
toosil^ and of Uju pLarj'iix. We furtliur note the upper arnis, 
to see whether they are rouud and full, or whether they are 
rather (hin, as is often the ease in tuberculous individuals. All 
this is a matter of a minute or two, taking practically no time 
at all; the trained eye can take iu all these points at a glance. 

Having looked over the child in a general way, tJie inspection 
of the chest follows, and this is important, even in very young 
children. Noting its general form and contour very carefully, 
we watch the respiratoi-y movements, especially iu the upper 
portion of the chest, in order to determine whether the expansion 
is good and equal on both sides, and we look for lagging or for 
circumscribed areas of slight or of absent motion and even for 
retractions especially above and below the clavicles, bearing in 
mind whatever appears suspicious, for particular attention on 
percussion and auscultation. The former we practise at first 
very gently, trying out rather for slighter degrees of shortness 
of the percussion -note than for markedly dull or (iat sounds. 

If gentle pereus-siou shows no changes, forcible percussion will 
rarely bring ihcm out, but comparing both sides, we should not 
forget that bilateral lesions may be present in an early stage, 
even in children; in any ease, we must remember that the per- 
cussion-note is normally slightly shorter and a little higher in 
pitch on both sides immediately below the stei-no-e!avicular 
junction. In our experience with children, we found that early 
unilateral signs occur in the upper lobes with equal frequency 
as we find them in adults, and also that they have a tendency 
to extend downward; we therefore pay particular attention to 
the upper third of the chest, both anteriorly and posteriorly, 
and we carefully watch for percussion-changes between the 
scapulffi, on account of the possible enlargement of the bronchial 
and hilus-glands. When these are suspected, we try for tender- 
ness on pressure upon the spinous processes of the correspond- 
ing vertebnc, and resort to x-ray examination when this is 
deemed necessary. 

In auscultating for early phenomena we do not expect to find 
bronchial respiration, or rales, or rhonchi often ; these signs belo» 
to older lesions or to active destructive disease if it is tnbereuh 
Bearing in mind what we had found to be appar' 
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on inspection and percussion, we expect to diai'over iu the sus- 
pected localities more or less loss of the vesicular (or puerile^ 
quality, which is replaced by a harsher, sharper character of 
inspiratory sounds, with or without continuous and prolonged 
expiration, and if we find this to correspond to a circumscribed 
area which we have already under suspicion, because of what 
we saw on inspection or heard on percussion, or both, we are 
reasonably certain that this area is the seat of pathological 
changes, even though we were to hear no rales or other coarse 
sounds. Such areas may show in addition an increased vocal 
fremitus, and the auscultatory signs may become intensified 
when the child takes a deep inspiration or is made to 
rough. 

Our examination of the chest being finished and the results 
recorded, we proceed to that of the lymph-nodes in the neck, 
axillie and groins. On examining the eervieals, we include the 
posterior group and, in order to find also small nodes, we palpate 
gently and with a sort of rolling or oscillating motion of the 
finger tips; by inclining the head laterally and again inward 
and forward, we get a belter chance to feel the enlarged nodes 
than when the muscles are tense and, on palpating behind the 
clavicle, bending forward tJie child's head permits the fingers 
to be insinuated more deeply when we stand or sit behind rather 
than in front. The axillary lymph-nodes are enlarged more 
often than is usually supposed; they are very movable and some 
of Ihem are situated high up in the apex; gentle palpation of 
the entire axilla and a rolling or stroking motion by which 
we bring a gland upon the firm base of the rib, lead to the 
detection of even very small nodes. The inguinal glands are 
found readii.v if they arc enlarged ; but here also the partial 
flexion of the thigh upon the abdomen may aid in their 
detection. 

Having completed our records of the several groups of lymph- 
nodes, we make necessary additional inquiries concerning the 
child's appetite and digestive functions, the frequency of ca- 
tarrhal affections of the air passages, and, unless we already 
have a temperature record with three or four observations for 
at least the preceding day, we arrange for such measurements 
to be made. On the next or the following day we are ready to 
vaccinate the child with a single full, or with a smaller trial- 
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(iliagnostic) dose, as we may think best from the results of our 
fxaiiij nation. 

We interpret the results of the probable findings in the order 
in whieli we have described the course of physical cxatiiiDation, 
as we are in the habit of making it, as follows : 

1. The Clinical History. — If this is positive, the history of a 
known exposure to infection in the family having been elicited, 
fr6 have good reason to anticipate that we shall obtain other 
confirmatory evidence; whereas if it is negative, the probability 
of finding evidences of an infection becomes the less the younger 
the child is. 

2. The State op Nutrition. — Before we accept any apparent 
deficiency in weight or in the roundness of form, in color and 
appearance of the skin and mucous membranes as having a 
tuberculous basis, we seek to eliminate other possible factors 
that may stand in causative relation, these being chiefly disturb- 
ances of the digestive functions originating in, and more or less 
perpetuated by, unsuitable or improper diet and indulgences, 
lack of attention to proper evacuations, etc. In addition to this, 
we eliminate the sequelie of preceding diseases such as acute 
catarrhal affections, measles, scarlet fever, rickets, etc., which 
may have left functional disturbances or organic lesions, and 
we must further think of malaria, hookworm, and of an inherited 
syphilitic taint, all of which may account for deficiencies that 
we may have found. No other reasonable cause being discov- 
erable, the nutritive deficiency alone justifies us in suspecting 
tuberculosis, and if it is found in a child that is known to have 
been exposed to infection, the probability is very strong indeed 
that the deficient state of nutrition stands in relation to 
tnberciilosis. 

3. PnTsiCAL Signs in the Llinos.— Tf the chest examination is 
negative, the fact alone does not in any way eliminate a tu- 
berculosis-infection and it does so the less, the younger the child 
is. The infection need as yet not have involved the lungs. A 
negative finding may also be due to the fact that the lesions are 
situated deeply or that any tubercles which are present have not 
yet caused structural alterations sufficiently large to be detected. 
If we find physical signs, we must eliminate the sequels? of pre- 
ceding inflammatory changes, especially such as may follow upon 
pneumonia or even upon acute bronchitis involving the capillary 
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bronchi. Physical signs due to other causes than tubercle are 
comparatively i-arc, they do not persist and are not so circum- 
scribed ; yet the fact that another origin ia possible must not be 
overlooked if the child has recently suffered from broncho- 
pneumonia or bronehilis. On the other band, it is well to 
remember that a broueho- pneumonia is often of tuberculous 
origin. If it^ course has been irregular and its onset without 
a preceding catarrhal affection of the upper air passages and 
bronchi, if physical examinations during its acute course have 
shown the aceompanjiug bronchitis to be limited to one side 
or to one lobe, if convalescence and recovery have been tedious 
or incomplete, the tuberculous nature of persisting signs is more 
than probable. If we find retractions over which the percussion- 
note is short, and the respiratory murmur not normally vesicu- 
lar, we may bo practically certain that tuberculous changes 
stand in relation, but we may also look upon tlie retraction as 
a sign of a healing or healed process for the lesion in its par- 
ticular locality. 

4. Enijvrged Lymph-nodes, — The submaxillary group and, to 
a lesser degree, the upper cervicals becoToe frequently enlarged 
from skin affections of the head and scalp, from diseased teeth 
and in connection with other oral affections including those of 
the faucial tonsils, also with catarrhal affections of the car and 
the nasal and pharyngeal mucous membranes; but they may re- 
turn to a non-palpable state almost as rapidly as they become en- 
larged after the cause has disappeared. It is usually possible to 
eliminate the presence of these affections ; but we must still think 
of pseudo- leukemia, Still's disease and other glandular diseases 
as possible factors, especially when large packets of glands are 
found. In the absence of other causes, our suspicion of a tuber- 
culous origin increases as we find the enlarged glands in descend- 
ing clusters and chains, especially in the deep and posterior 
cervical groups. In considering the axillary and inguinal groups, 
we must eliminate acute and chronic skin affections of corre- 
sponding parts of the trunk and of the extremities, and, in the 
inguinal groups, also catarrhal intfammations of the genitals. 
When, after all these considerations, we can eliminate other 
causes and have also remembered that several causes may coexist 
in one or the other groups, and if then we are still at a loss to 
account otherwise for the presence of enlarged lymph-nodes, we 
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arc justiiied in considering tliem as probably of tuberculous 
origin. 

5. FEVER.^Markcd fever is rarely present in taberealosis un- 
less there is progressive formation of tubercles in internal or- 
gans, or unless tubercles have caseated and the caseation is 
attended by softening of the focus. When tubercles are form- 
ing and extending but slowly from a prior localization, the tem- 
perature is elevated only slightly if it is influenced at all, and 
this is true when absorption occurs from only one small caseous 
lesion ; but it is then apt to be increased by exercise. No in- 
ferences are justified from the occurrence of slight elevations 
of temperature on a single day, and in such a case it is well to 
continue the observations for a week or longer before coming 
to a decision, during which time other probable causes of the 
fever may be considered and removed. 

If no other cause is found for existing temperature rises, 
and if elevations of one or more degrees persist, the probable 
relation of tuberculosis most be supported further, if possible, 
by repeated physical examinations, especially of the lungs to 
which an extension of the tuberculous processes is always pos- 
sible. If pulmonary caseous foci stand in relation, the tempera- 
ture will probably reach 100° F. and over; the physical signs 
are then apt to be more marked over the related focus, and 
the activity will manifest itself sooner or later by the appear- 
ance of catarrhal signs over the involved area, at least in the 
form of crepitation on deep inspiration and after coughing. 



Since our first report was published, we have had no occasion 
to modify the mode of administration of the vaccine materially. 
We have, however, been obliged to reduce the percentage of pro- 
teins in the preparation from one to one-half, having found that 
they remain in solution more certainly in a lower concentration, 
and in consequence the dosage, which was reeommended at first, 
had to be inrreasotl. In a pamphlet published three years ago,' 

■Karl v. Rock; Soroi' Praetical PointB in the Use oC My New Vaccine 
and of the Wateiy Eitract of Tuberole Bacilli. Pamjihlot, Asherille, 
N, C, lfll3. 
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this subject was considered further, and the doses given below 
were recommended, aecording to the age of the individual to be 
vaccinated. 

The Subcutaneous Adminislratioii of the VfKcine. — In cases 
in which two or more doses are to be given, it is best to avoid 
injecting several doses in the same place. This precaution is 
perhaps less important in cases of a single repetition than it is 
in the repeated administration of the vaccine for therapeutic 
purposes, and the reader is referred to p. 262, where we have 
given our observations relating to the subject, and discussed the 
reasons for this precaution. 

The full, single and maximal dose of the undiluted vaccine, 
given subculancously, is as follows, for the several age periods: 

to 1 years O.I cc. to 0.2 ce. 

J to 8 yeara 0.2 cc. to 0.4 cc. 

6 to J2 years 0,4 ea. to 0.6 cc. 

12 years to adult age 0.6 m. to 1.0 cc 

In the adjustment of the individual doses, intervening age 
periods, and the .state of nutrition, a.s shown by the body-weight 
and by the general appearance, are to be taken into consid- 
eration. 

We have found that these doses are ample and, as a rule, 
larger than necessary for a complete immunizing response, 
resulting in a maximal amount of specific amboceptors for 
tubercle bacilli and for all their partial antigens, and in the 
development of a complete bactericidal power of the serum. 

In numerous instancf s we testetl the sera for their amboceptor- 
contents and their bactericidal power, after a general reaction 
had occurred to less than the full dose, and found the results 
satisfactory, which suggests that, whenever a general reaction 
follows the administration of a dose of vaccine, a sufficient 
amount of bactericidal antibodies may be assumed to have been 
produced, regardless of the size of the dose which had caused 
the reaction. We are continuing our observations on this point 
and anticipate that in course of time we may be justified in 
reducing the doses, as they are tabulated here, materially. 

The Intravenous AdnUtvislration of the Vaccine. — We have 
resorted only infrequently to the intravenous administration 
of the vaccine and, as far as we have observed them, the effects 
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are identical with those that are found to follow after the sub- 
cutaneous injections; with this difference, that reactions appear 
more promptly and that the dose or doses may be materially 
smaller. We have given only one-half of the subcutaneous 
doses. ^ 

We have, however, a larger experience with the intravenous 
injection of vaccine in the immunization of animals. While we 
did not find the technic easy in guinea-pigs, and often lost 
these small animals when the vaccine had been injected directly 
into the ventricles of the heart, we succeeded very well in rab- 
bits, in which we finally produced a complete immunity by means 
of a single dose equivalent to ten cubic centimeters of the 
vaccine. 

In deciding whether the vaccination shall be made with a 
single or with several doses, we have been governed by the fol- 
lowing considerations: 

(1) We give the full subcutaneous dose for the particular age 
period: 

(a) To children who, although exposed to infection, have not 
suffered seriously in nutrition; who may or may not have en- 
larged lymph-glands, but present no physical signs in the lungs ; 
whose temperature has, during the preceding day, been normal 
or has not exceeded 99° Fahrenheit. 

(b) To children complying with the foregoing conditions, who 
have slight signs in their lungs, but whose temperature has been 
strictly normal. 

(2) We give a small beginning dose in all other cases where 
the temperature does not exceed 100° Fahrenheit. 

(3) We delay the administration of the vaccine in all cases 
in which the temperature record for the preceding day shows 
higher elevations than 100° Fahrenheit. 

In determining the size of the doses, when less than the full 
single dose for the age-period is to be given, it is our rule to 
administer first one-fourth of the full amount. If no general 
reaction follows, indicated by a temperature rise to above 
99 2/5° F., we give the full dose five days later, whereas, if 
a general reaction is experienced to the first dose, with a tem- 
perature rise higher than 99 2/5° F., but not exceeding 101.5° F., 
we only double the first dose and then double once more. If 
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the temperature was higher than 101.5° P., we repeat the first 
do«e and, according to the reactious observed, we give the full 
dose on the third and last ad m mistral iou. If the reaetiou to 
the second dose is agaiu accompanied by marked fever, we repeat 
this dose and we give one or more additional doses in such case^, 
according to the intensity of the reactions. We administer all 
subsequent doses, after the first one, at intervals of five days, 
counting in easea of general reaction from the day on which 
the fever has subsided. 

We deviate from this schedule in exceptional cases where the 
general reactions are prolonged and accompanied by temperature- 
rises whieh do not recede to normal in the course of forty- 
eight hours, and when there are decided focal reactions in the 
lung, persisting for forty-eight hours or longer. If, in cases 
of this kind, the full dose has not ali'eady been given, we repeat 
the last dose, administering in some instances a fourth or even 
a fiftli dose, if like prolonged general or focal reactiona recur. 

We demand the return of the vaccinated children on the fol 
lowing day, at the same hour, for the purpose of inspecting tb'. 
local effect at the site of injection, the temperature-chart, anc 
accessible lymph-glands. When physical signs, however slight, 
were found on tlie first examination, we also examine the chest 
for focal reactions, and on dismissal we request the opportunity 
to examine the children again at a later period, setting the time 
according to convenience. 

Children who have not reacted locally at ail. after a full dose, 
we consider to be free from tuberculosis. Those who have re- 
acted only locally we believe to have experienced an infection, 
but to be free from clinical disease; and all those who have 
developed general and foeal reactions, or both, we look upon 
as tuberculous, and we keep them under observation for as 
long a time thereafter as possible. 



THE DIAGNOSTIC VALUE OF THE VACCINE 



In our earlier work we applied the luborculiu test as an aid 
in differentiating between normal, suspected and tuberculous 
children, using v. Pirquet's method in young children, and the 
conjunctival or the subcutaoeous tuberculin tesis in older chil- 
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Ann and in adults. "When it became evident Ihat Ihe vaccine 
itscK could supply flie information obtainable from these tests, 
and that it did so with greater certainly and unifonnity than 
tubereuiin, we gradually abandoned preliminary diagnostic testa 
entirely, thereby not only saving time, but simplifying our 
method as well. 

It is generally conceded that a positive reaction to a test 
with any kind of tuberculin indicates that, in the tested and 
reacting individual, tubercle bacilli have found access to the 
tissues at some time or other before ; but it is also admitted that 
a negative oul*!ome of the test does not, in itself, prove the 
contrary. ThLs observation applies particularly to the cutaneous 
tests of v, Pirqiiet and of Moro, as well as to the conjunctival 
test of Wolff-Eisner and of Calniette. none of which give infor- 
mation of additional clinical value, namely, as to the presence 
of actual tuberculosis or its extent or distribution; as to whether 
it is latent, active, healed, and so forth. 

. This information being at times very important, some observ- 
ers have attempted to ba.se more or less of an inference upon 
the degree of the observed reaction, taking into consideration 
the time of its appearance and subsidence, also the size, color, 
induration, etc., of the reacting area. Tlie results recorded thus 
far have failed in all these attempts to afford sufficient light 
by which it could become possible to differentiate between active, 
latent or healed eases of tuberculosis. 

In realization of this, it has been proposed to limit the 
v, Pirquet t#st to young children, and to base conclusions upon 
the assumption that, in them, tuberculosis is more often pro- 
gressive and that tJie younger the child is, the less is the presence 
of healing or healed lesions to be expected. Hence, in very 
young children the occurrence of such healing or healed lesions 
was denied entirely, on the suppositiou that the natural resist- 
ance of small children is slight and, in any case, because the 
time is too short for healing to have occurred in them. 

We do not share this view, believing as we do that healing, 
as well as pri^ression of tuberculous processes, may occur at 
any age, since the conditions for the oue or the other course are 
not so much governed by age as by the individual resistance, 
both general and specific, the latter of which is capable of being 
transmitted as well as of being acquired. In support of this 
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view we can draw upon our personal experiences, first in tbu 
demonstration of specific antibodies (including specific ambocep- 
tors for the tubercle bacillus) in the sera of very young children 
who did not react at all to the v. Pirquet or to any other tubercu- 
lin test; and then in the failure of general reactions to occur 
even to large subcutaneous doses of vaccine. In these children 
the local reactions at the sites of the injection of the vaccine pre- 
sented the only evidence pointing to a previous actual contact 
with the virus of tuberculosis. 

The conception of the all but absolute non-resistance of in- 
fanta to tuberculosis-infection has long been held generally and 
has rarely been questioned until recent years. Franz Ham- 
burger ' who found in nurslings up to six months of age 
tho tuberculosis-mortality to be one hundred per cent, 
and at tlie age of six to twelve mouths eighty per cent, claims 
that healed tuberculosis is found very rarely in children. He 
justly insists that little children should be kept absolutely from 
all contact with persons who have bacillary sputum, relating a 
case, by way of illustration, in whiL'h a child (age not given) 
was together in the same room with a consumptive for only half 
an hour and died a few weeks later of tuberculosis. While 
the author cites this instance as showing the great susceptibility 
of young children to infection with tubercle bacilli, and their 
lack of resistance, we are more inclined to view it as a case 
of superinfection of an already infected organism in which no 
immunity had as yet developed. 

Other writers, for instance. Engel,' Bandelier & Ropke,* Kop- 
lik."* Czerni,* appear to share this opinion concerning the non-re- 
sistance of young children to tuberculosis-infection. 

The observation of positive results of the v. Pirquet and of 
other tuberculin tests, in the absence of manifest symptoms of 
tuberculous disease, even in infants, make it evident, however, 
that an infection with tubercle bacilli need not be followed imrae- 



■FEUfz Hakbubqeb; Wien. klin, Woeh.; 1907, SX, 1069.— Med- Kliuk; 
1916, XI, 34, 

■Enokl; Beitr. z, Klin. d. Tuberkulosc. 1909, SlII, 24S. 

•Basdklim i Eopkb; Die Kliiiik der TubcrkuloBO. Wiirzburg, ISll, 84. 

*H, Eoplik; JoHdb Hopkins Hospitnl Bulletin; 1912, SXIII, 113. 

•Ad. Czikni; Arch, f. Kinderheilk, ; Bd. 60, 61; 8. 242, pf. Isteni, 
Cnntrlbl. f. d. ges. Tuberkulose-ForBchung ; 1913-14, VTII, 4. 
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diately by clinical disease. The frequent finding of pulmonary 
cavities in very young children indicates that a chronic course is 
possible in them, similar to tliat obser\'ed in older children and 
in adults. Degrees of resistance, equal to that of adults, have 
been demonstrated quite often by autopsy- findings in infanta 
and young children who had died from other causes, in which 
latent or even healing or healed tuberculous foci were an acci- 
dental discovery. 

According to these and to our own observations, a positive 
cutaneous reaction to tuberculin permits, therefore, no conclu- 
sion, even in very young children, other than that the tissues 
of the individual in question have, at some previous time, come 
in contact with or have been invaded by tubercle bacilli in suffi- 
cient numbers to produce sensitization; but whether or not this 
has resulted in actual disease, whether or not the latter has 
healed and become obsolete or is still lingering, or whether it 
is progressive, a positive cutaneous tuberculin reaction does not 
reveal, and in this respect we must base our clinical judgment 
upon other evidence. 

The subcutaneous test wttJi diluted old tuberculin, as a rule, 
i-auses no well-marked local reaction at the site of injection, and 
we depend upon the oeeurreuce of general and of focal reac- 
tions for our positive diagnostic information; we rely especially 
upon the general reaction and more particularly upon a marked 
rise of the temperature. Inasmuch, however, as tuberculous 
tissue must probably be present for general and focal reactions 
to occur, such a positive reaction has the clinical significance that 
the lesion, however small it may be, is not a healed or obsolete 
one and that it may sooner or later progress and lead to clinical 
disease if this is not already present. 

In our additional studies and observations of reactions as 
they occurred in our eases since we made our first report in 
1912, we find that, in all eases which react positively to the 
V. Pjrquet test, the vaccine causes local cutaneous reactions at 
the sites of injection, and that it induces also general and focal 
reactions, in like manner as does tuberculin. It can therefore 
take the place of both tcfts and it enables us, at least approxi- 
mately, to differentiate between cases that may be considered 
as having acquired an infection which waa apparently resisted 
and overcome by nature's own efforts, and others in which the 
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resistance was insufficient and nature's efforts had failed or had 
not yet accomplished the healing of the lesions which followed 
the infection. 

In onr interpretation of general and focal reactions which 
followed upon the subcutaneous injection of vaccine, as they oc- 
curred in relation to the size of the doses which produced them, 
we have considered the feasibility of deriving additional infor- 
mation as to the presence of more recently formed tubercles or 
of their probable absence ; our observations indicate that chil- 
dren who react to small doses, as a rule are those whose general 
health, and especially whose nutrition, has been impaired more 
or less, and whose temperature is not persistently normal, 
whereas this is not the case, or at least does not coincide so 
often when the reactions are missed after small doses, and 
occur only after the injection of a full dose. 

We may mention an illustrative case from our own clinical 
material concerning a child eighteen months old, of apparently 
healthy parentage, of normal appearance and weight. This child 
had never been seriously ill. Temperature, pulse, and respira- 
tion were normal ; we found no enlarged lymph-glands ; no physi- 
cal signs in the chest ; there was no history of a known espoaure 
to infection. An examination of Ihe blood showed agglutinins 
positive in a serum dilution of 1 : 20 ; complement-fixation test 
negative; v. Pirquet test positive, A full dose of vaccine, for 
tie age period, gave a positive local reaction but was without 
effect otherwise, no rise of temperature being noted at any time 
during the forty-eight hours following its administration. Al- 
though specific agglutinins were present and the cutaneous reac- 
tions were unquestionably positive, indicating that tubercle 
bacilli had been taken up into Ihe ti-ssues at some prior time, and, 
in spite of the tender age of only eighteen months, we hold that 
this child had acquired no tuberculosis in a clinical sense and 
that, if tubercle bacilli had actually made their entrance, the 
infection had failed to develop for lack of sufficient virulence, 
or that it was checked and healed or had become obsolete, even 
at this early period of life, without causing any distnrbajiee in 
health and without leaving any evidence which could be demon- 
strated by physical examination. 

Our experience was different, however, in the cases of chil- 
dren who responded to small doses witii a general reaction indi- 
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cated by fever, in aJditioa to the local reaction at the site of 
injection of the vapcine. In the great majority of these (chil- 
dren we were able to find evidences pointing to actnal tubereii- 
losia. As a rule there was a history of exposure in the family; 
oft*n one of the parents had active tuberculous disease. We 
rarely failed to find enlarged lymph-glands; often we discov- 
ered physical signs as well as focal reactions and, in the majority 
of these children, the nutrition was not satisfactory ; even those 
whose weight might be accepted as normal were delicate in 
appearance, often lacking in a good color of the skin, and some- 
times appearing thin in proportion to their height and wanting 
in the rounded outlines of normal, healthy children. Sueh ehil 
drcn are tuberculous, and we would hold to this opinion even 
though we had made no tuberculin test at all; always provided 
that we had looked for and eliminated other possible causes 
that might account for the abnormal findings. We would recon- 
sider our opinion only in cases in which we failed to obtain 
a general reaction to a subcutaneous test with a full dose of tu- 
berculin or vaccine, or after we had convinced ourselves thai 
antituberculosis measures in the form of vaccination had not 
been followed by marked improvement. At the present time, 
however, and with the support of a considerable experience, 
wc must state that such an exceptional ease has not yet come 
to our notice. All our cases of this kind reacted with more or 
less rise of temperature, and they did so invariably when the 
first dose administered was a full one, or when the amount of 
the first very small dose was increased decidedly on a second 
administration. 

If we are correct in our observations and conclusions, it fol- 
lows that it is hardly worth the while to make cutaneous tu- 
berculin tests, even in young children, inasmuch as negative 
results prove nothing and positive results give no information 
that is of clinical value. If then we were to make a test at 
all, we would prefer the subcutaneous method in which the 
question of n on -absorption Ls, moreover, eliminated. In in- 
stances where such a test is needed to clear up or confirm a 
diagnosis, a negative result deserves consideration on its own 
part. 

With a view of avoiding severe reactions, most physicians make 
the subcutaneous tuberculin test cautiously, giving first a mini- 
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mal dose and then iocreasiDg the amounts more or less rapidly 
until the maximum is reached. As a rule, three or four doses 
are administered in thiu manner. A general agreement as to 
the size of the maximal amount to be given as a single or as 
a final dose does not seem to exist. Ivoeh recommended one 
milligram of the old tuberculin as a beginning dose, and his 
sequence of doses was 1 — 5 — 10 — 10 mgr. at intervals of one to 
three days. If a reaction occurred to any oue dose, the nert one, 
if it was given at all, was not to be increased, but the former 
amount was to be repeated. Persons who did not react to the 
repeated administration of ten milligrams of tuberculin were 
free from tuberculosis, in his opinion. Petruachky' diminishes 
the diagnostic doses materially and administers the sequence of 
0.1 — 0.5 — -2—5 mgr. Pottenger* adheres to Koch's initial dose 
of 1 mgr. in the average adult, giving 3 or 5 mgr. after two days, 
if there is no reaction, and 7 or 10 mgr. three days after this. 
If the patient is a child, or an individual whose vitality is low- 
ered, he usually begins with 0.1 mgr. and then increases to 
1 — 3 — 5 mgr. While he realizes that a patient might react to 
ten, who does not react to five or seven milligrams, he feels that 
caution is warranted for the sake of safety. As to the possible 
danger from the initial dose of one milligram, Pottenger's ex- 
perience of sixteen years, and also our own even longer experi- 
ence, ha.s proved that these amounts are not too large. 

Personally we prefer to follow Koch when using old tuberculin 
in cases in which we antieipalc no reaction; in delicate individ- 
uals and in children we proceed similarly to I'elruschby, with the 
difference that, in adults, our final dose is always ten milligrams, 
because we have found that, if a reaction has not occurred to 
five milligrams, it is not apt to be a severe one if this dose is 
doubled. 

Since we use the vaccine for diagnostic tests, instead of old 
tuberculin, we prefer to give a single, full dose in all cases 
in which the evidence elicited by our preceding physical exami- 
nation suggests the probability that no tuberculosis is present 
or that any existing tuberculous foci are healed or obsolete, and 
that no severe general reaction will follow; we reserve the 

'J. PETauscHKT; lui: rit.. S. lij (p. IRS). 

*F. M. Pottkngeb; TutKrculin in Dingnosis aiicl Treatment- St. Louis, 
1B13, 2S. 
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administration of repeated smaller and gradually increasing 
doses for other eases in which our previous findings lead us to 
look for the reverse. 

When we first resorted to the prophylactic vaccination of 
children, we soon found instances in which the cutaneous tu- 
berculin test was negative, whereas a positive local reaction 
developed at the injection-site of the vaccine, which was accom- 
panied by fever in some cases ; in instances of subcutaneous and 
conjunctival tests, on the other hand, the reactions to both prep- 
arations corresponded more closely, differing only in so far as 
the general reaction to old tuberculin, when this was given sub- 
cutaneously, appeared frequently to be more severe and as it 
persisted longer. 

Since the great majority of instances, in which the tuberculin 
test is at all justifiable, are infections and latent lesions with- 
out marked clinical manifestations, they form a class in which 
we applied from one to three doses of vaccine, with results that 
were so satisfactory that they would be considered as most grati- 
fying if they had followed after months, or even after years, 
of continuous hygienic, climatic, dietetic or other non-specific 
methods of treatment. This being the case, and the vaccination 
having served equally well for purposes of diagnosis and of 
treatment, it follows that the same results would be secured in 
similar cases, and in the hands of other observers, if the old and 
other kinds of tuberculin were to be replaced by a whole antigen, 
in solution and properly balanced, like our vaccine. "While we 
make the specific diagnostic test, we treat these early infections 
and latent lesions successfully at the same time, and thereby 
protect the organism against the development of active disease ; 
or, putting it the other way, in the therapeutic or prophylactic 
application of the vaccine, in this class of cases, we are at the 
same time put in possession of all diagnostic information that 
any tuberculin test can supply. 



SPECIFIC REACTIONS 

Our children's material was derived almost exclusively from 
tuberculous families; in many instances exposure had been pro- 
longed,, and often it was still continuing daily. Since publishing 
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our first report, we have completed the vaceination of 1512 
additional children and of 106 adults, and we have eonipletc 
records of both local and general reactions, Ihe latter with tem- 
perature observations before and after the administration of 
the vaccine, in 1315 individuals of all ages from fonr weeks to 
sixty years. 

In this entire material we find that only twenty-five individ- 
uals, or 1.7 per cent, failed to react locally to a full dose of Uie 
vaccine, namely, twenty children and five adults, and no gen- 
eral reactions were observed in them after the administration of 
this dose. In the remainder of 1290 vaccinations, tiie reactions 
were only local in 366, or 28.3 per cent : and Ihoy were attended 
by more or less fever and in some instances by fncal reactions, in 
924, or 71.6 per cent, of the cases. 

We vaccinated 72S individuals ii-ith a single, full dose, observ- 
ing reactions as follows: 

No general reaction folloived in 278 or 38.2 per cent 

Tliare was a gcneritl reaction with 

tevei not oiceeding 100° F. in 205 " E8.2 " " 

" " " 101.5" P. in 158 " 21.8 " " 



In tlie remainder of the vaeeinated persons, two, three or four 
dotsCH were administered, accordingly as the first (trial-) dose 
had produced little or no reaction. 

We made 392 vtKcinations with two doses, the first one being 
one-fourth, the second being the maximal dose for the age 
period. 

No geneml rewtlon foUoweil in 7S or 19.9 per eeat 

Ooncnil ruHirtion afUr £iiil (full) iloM onlj 122 " 3]. I '• ■• 

" " " 1« sroiUI doK only 102 " 26.0 " " 

'■ ■■ " iBt ami 2Dd doses 90 " 22.9 ■' " 

In tho 90 cases in which fever followed after both doses, it 
was higlicr afl*"!" the first dose in 5t>: it wa-s of Ihe same degree 
both times in 12; and it was higher after the second dose in 28 
of the cases. 
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We made 134 vaccinatiofis with three doses. The first dose 
was usually one-fourth, the second dose one-half, and the third 
dose the full amount for the age period. 

No general reaction followed in 10 or 7.46 per cent 

General reaction after let doee only 44 *' 32.83 " " 

" " " 2nd dose only 19 " 14.18 " " 

" " " 3rd dose only 4'* 2.98 " " 

" " ** 1st and 2nd doses only 34 " 25.30 '* " 

*' " " 1st and 3rd doses only 13" 9.70 " " 

" ** " 2nd and 3rd doses only 00" 0.00" " 

" " " all 3 doses 10" 7.46 " " 

In cases where two or three general (fever-) reactions oc- 
curred, 

The fever was highest after the 1st dose in 12 

« * < « « < < < < < < « 2nd " " 29 

*i it ti it it << Q.J ft ft ^ 

" " " the same after the. 1st and 2nd doses in 2 

We made. 38 vaccinations with four doses; the doses being 
approximately like those in the preceding group, except that 
the third dose was increased to three-fourths of the full dose, 
or one of the doses was repeated. 

No general reaction followed in or 0.0 per cent 

General reaction after the 1st dose only in 3 " 7.89 " " 

" " " " 2nd dose only in 5 " 13.16 " " 

" " " " 3rd dose only in 14 " 35.84 " " 

" " " " 4th dose only in 1" 2.63 " " 

" " " " 1st and 2nd doses in 4 " 10.52 " " 

" " " " 1st and 3rd doses in . . . . 9 " 23.69 " " 

" " " " 2nd and 3rd doses in ... . 2" 5.26 " " 

The fever was highest after the 1st dose in 6 

" " " " " " 2nd dose in 9 

" " " " " " 4th dose in 1 

In the comparative study of the degrees of fever accompanying 
a general reaction, accordingly as we gave a single dose or several 
increasing doses, we found that, contrary to our expectations, not 
enough difference was to be noted to justify any conclusions. 
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We were occasionally Burprised in both series by results wliieb 
were entirely opposite to those whioh we had espoetod. Never- 
theless, we appreciate that the reactions might have bi'en more 
severe in the groups receiving two or more doses, if only the full 
single (loses had been administered. 



INFLUENCE OF REACTIONS 



Of great interest appear to us our observations of the influ- 
ence of marked focal and general reactions upon the clinical 
results. After the first introduction of tuberculin, most of those 
clinicians who continued its use took pains to avoid marked 
fever-reaetions. and we also extended this precaution to other 
preparations aud practised it in the use of our own products, 

Our clinical material has always been of such a nature that 
occasions to make a diagnostic tuberculin test were iofrequeut. 
When in doubtful cases its advantages were desired, we usually 
followed the gradual method of Koch, mentioned above. There 
were but few children among our patients and, in the majority 
of them, the disease had advanced beyond the early stage, so 
that it was not until we undertook our studies in prophylactic 
vaccination that an opportunity for a systematic study of reac- 
tions was aflortU'd us, which yielded the results described above. 

WHile we cannot say how these results might have differed 
had old tuberculin been given subcutaneous ly instead of the 
vaccine, we certainly have seen no harm following the reactions ; 
on the contrary, the conviction became unavoidable that, in cases 
in which a general reaction occurred which was accompanied by 
a focal reaction, or when marked focal reactions occurred with- 
out any, or with only a slight rise of temperature, more rapid 
improvement, both local aud general, was usually observed than 
was the case when no focal or general reactions occurred at aJl. 

It may be of interest to the reader to relate a case in point, it 
being one of the group vaccinated with four doses, in which no 
reaction, either focal or general, had followed after the adminis- 
tration of the first three doses. The case wa.s tliat of a young 
woman whose examination showed marked physical signs involv- 
ing the right upper lobe and the apex of the left lung. She was 
practically free from fever, but her general health was indiffer- 
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ent, her weight was ilofided ly below noniial and had always Iweii 
so. There was tubercnlosis in Iier family, one or two dcatlis hav- 
ing occurred, and a brother was a patient in tlie Wiuyah Saua- 
toriiim. The extensive lung involvement suggested the exerciae 
of caution, hencR tlie first dose given was only one niilli^am 
which eaused a local reaetiou. The Hccond and third doses 
were two and four milligrams, respectively, with the same re- 
sult. At that time the patient desired to return to her home; 
an examination indicated a moderate degree of improvement 
in physical signs; she had gained a few pounds in weight, and 
her serum tests showed an ample degree of antibodies. 

On account of the rather extensive lung involvement, it was 
decided that she should be given one more dose, and this was 
increased to eight milligrams. To this dose she reacted promptly, 
both locally and generally ; her temperature reached over 103° P. 
in the course of eight hours, but returned to nearly normal by 
next morning and had become entirely so that afternoon. An 
examination of the lungs, in the forenoou, showed a focal reac- 
tion which was unmistakable; it extended considerably beyond 
the limits which had, before, been believed to be involved and 
was attended by a slight cough, especially noticeable on deep 
inspiration. At her reexamination, ten days lat«r, it was impos- 
sible to detect anything abnormal in the chest. The patient 
herself insisted upon a state of well-being more satisfactory than 
ahe could remember having experienced before, and she particu- 
larly mentioned a sense of relief ftom oppression, and of feel- 
ing so free in her ehest that "it was a pleasure to breathe." 

When eases with a similar degree of lung involvement had 
been found among children and adults in 1911, we had, at first, 
no expectation of exerting any decided curative influence with 
one or two doses of vaccine, and as.sumed that prolonged treat- 
ment would be required. Among the vaccinated children at the 
Thomaaville Orphanage there were a number of these cases and, 
although they each received two doses, it was not anticipated 
that the lung-lesions would undergo retrogressive changes to 
the degree which Dr. Julian found and reported to us about 
six months later. ITis observations were so remarkable that one 
of us personally went to Thomasville and examined the children 
with Dr. Julian, finding indeed that, in some of them, the pre- 
viously recorded physical signs had entirely disappeared, while 
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they had greatly diminished in others. The same observation 
was made iu respect to cnlargeil lymph-glands, and there was 
likewise a remarkable general improvement, wilh a gain in 
weight in some of the children, which greatly exceeded the nor- 
mal rate of increase. We then reexamined a number of chil- 
dren, vaccinated by ua in the summer of 1911, with similar 
results. We have already (p. 138) referred to Dr. Julian and 
to other physieiana who have used the vaccine in this class 
of cases, the results iu which, t^ether with our own continued 
experience, leave us no doubt that a few doses, or eveo a single 
dose of the vaccine, given at a comparatively early period of 
tuberculosis, cau.se the retrogres-sion and healing of tuberculous 
lesions, and that, as far as we are able to judge, the rapidity 
and degree of the improvement often appear to stand in relation 
to the POCAL REACTION ou the part of the tuberculous tissue. 
which is frequently attended by a general reaction and by 
fever. 

Although the avoidance of marked general reactions is no 
longer such a matler of solicitude on our part as it was several 
years ago, when we did all we could to prevent them iu the 
treatment of even early-stage cases, we cannot overcome our 
fear entirely that sooner or later we may meet with a ease in 
which we might have occasion for regret, were we to produce 
marked reactions deliberately by giving larger single doses than 
necessary, even in cases where the evidences indicate only latent 
or comparatively ciuiescent tuberculosis of internal organs. In 
calling attention to our observations made after such reactions. 
which eame to our notice unexpectedly, we hope that, with the 
aid of others who meet with similar cases, we may in time deter- 
mine whether or not the fear of severe general reactions is at 
all justified. 

If we are right, as at present we believe to be, at least in so 
far as we are of the opinion that marked focal and febrile gen- 
eral reactions are not harmful, our method of vaccination will 
become a still simpler procedure, because in that case the single 
full dose will be the proper one to administer to any child or 
adult whose vaccination it would be at all justifiable to con- 
sider. On general principles, febrile general reactions, even 
with temperature- rises to 103° F. and over, cannot be said 
to be objectionable; at least, they are countenanced in the case 
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^^^nylaetic vaccination against typhoid fever, in which these 
reactions are sometimes much more severe thaii we have ob- 
served thera, as a rule, in the use of our vaccine. In vaccina- 
tion against smallpox also, very severe fever-reactions are noted 
al times, and more or less marked fever-reaetions occur in the use 
of other bacterial vaccines and are, in fact, expected if not 
desired. 

Inasmuch as our present experience, as here given, differs 
more or less from that of some other observers, we desire to 
mention the views of a sufficient number of experieueed clini- 
cians, to enable the reader to take them into consideration, call- 
ing however his attention to the fact that the observations were 
made during the employment of various tuberculin preparations 
and tubercle bacillus emulsions, and not with our vaccine. We 
wish to state further that the opinions to be cited are usually 
based upon the effects of therapeutic doses, administered to pa- 
tients who may be presumed to have represented a more marked 
stage of the disease than we included in those of our cases which 
we selected for prophylactic vaccination, especially when we 
administered a single full dose of the vaccine. It is of course 
quite possible to avoid more severe degrees of fever and well- 
marked focal reactions with the vaccine, if the doses are small 
enough and if they are increased slowly, as is our practise in 
patients whose disease has advanced further. At the time when 
we shared the fears which some clinical observers still entertain, 
it was onr custom to begin the treatment of manifestly tubercu- 
lous patients with doses representing about one-hnndredth to 
one-tenth of those which we now employ, and to repeat each dose 
at least once, even if no reaction was observed, before increas- 
ing it. Although we never could prevent reactions entirely, 
those which we did observe with that mode of procedure were, 
as a rule, slight. AVe further call attention to the fact that in 
some of the individuals, whose reactions were general and 
were accompanied by fever, physical signs were not yet pres- 
ent or. if they were in evidence, they were comparatively slight; 
also that all reactions occurred in cEises in which a diagnostic 
test would have been proper and necessary; and none were 
among them in whom the results of examination would have 
justified the inference that open lesions were present, or that 
a tendency existed in the lesions to break down. 
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In regard to the fear of various clinicians, of general reac- 
tions in the therapeutic use of tuberculin, it may be said that, 
in order to be consistent, tliose who consider these reactions as 
seriously dangerous must take the same attitude toward the 
diagnostic employment of tuberculin, in which the doses are 
increased purposely and rapidly in order to produce reactions, 
the degree and intensity of which can never be foretold with 
certainty. 

One of the early objections to tuberculin was raised on ac- 
count of the focal reactions in the form of pneumonias, which 
were found on autopsy and which served Virehow in his oppo- 
sition to the remedy during his long-continued demonstrations 
before the Berlin Medical Society in the early months of 1891. 
The fear of these so-ealled "injection-pneumonias" became 
practically universal and everywhere caused the abandonment 
of tuberculin as a therapeutic agent. The medical profession 
appeared at the time to have lost all independent judgment, 
forgetting that pneumonic changes are common findings in pro- 
gressive eases of phthisis and that they constitute a frequent 
immediate cause of death. Since the resumption of tuberculin 
therapy, very little, if anything, has been heard of "injection- 
pneumonias," although severe reactions have not been elimi- 
nated entirely by a more conservative dosage." 

The fear of reactions was intensified by the publication of 

■Tho writere have often woDdered whether the change diitiiiB the winter 
of 1891, in the manufacture of tuberculin, then called "Koch's Lympfa," 
was not a factor in tliO causatioD of reaction. It is not generaJlj known 
that " Koch 'b Lymph" was pTOduced more directly from tubercle bacilli 
than WBB the case aft*r a change in its production hod become necessary 
by the enormaus demand for it which couJd not be met at first. As first 
prepared, the tubercle bacilli were grown on solid medui from which they 
were removed, and then extracted in 5 per cent glycerin- watfir susponBion 
with heat, until the fluid was concentrated to one-tenth of its built; after 
filtering, it was ready far use. In order te obtein tuberculin in greater 
quantities, the tubercle bacilli were thcu grown upon glycerin -bouillon con- 
taining 5 per cent glycerin; the matured culture was subjected te concen- 
tration by the same degree of heat, and, after filtering, the product was 
and IB called "Koch's Tuberculin." In our opinion the two preparations 
vere not DeceBsarily identical in the content and in tho nature of specific 
bncilliary substance; and tuberculin contains, in addition, the non- 
specific proteins of the culture medium, which were not present in the 
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Liebmann/** who reported that he found tubercle bacilli in the 
blood of eight persons treated with Koch's remedy. Guttmann 
& £hrlich ^^ thereupon examined twenty-nine cases under treat- 
ment with tuberculin, with entirely negative results. In the 
following years the question of the ** mobilization" of tubercle 
bacilli by tuberculin was brought up frequently, and Lydia 
Rabinowitsch " showed definitely that tubercle bacilli may be 
found in the blood, in the course of tuberculin treatment. The 
direct relation of this occurrence to tuberculin had to be recon- 
sidered, however, when like observations were made with increas- 
ing frequency, by different observers, even in the blood of afe- 
brile and non-progressive cases that had not been treated with 
tuberculin or with other specific bacillary products. 

In our observations based upon numerous blood-examinations 
for tubercle bacilli, in all stages of pulmonary tuberculosis, by 
the methods of Jousset and of Rosenberger, we found them 
with great frequency in instances of softening and progressive 
excavation : that is, in cases in which we consider specific treat- 
ment to be contra-indicated. Their advent in large numbers, 
as a rule, is signalized by an abrupt rise of temperature which 
often presents a remittent type during their presence in the 
circulating blood. We have made this observation so often, 
after the occurrence of such abrupt temperature-rises or of 
changes in the type of the fever in the more advanced stages 
of phthisis, that we not only look for a pneumonic complica- 
tion, but we also examine the blood for tubercle bacilli. The 
time of their continuance in the circulation appears to vary 
and we have found them repeatedly and daily over periods of 
weeks or longer in cases of rapid softening. On the temporary 
or permanent disappearance of tubercle bacilli from the blood, 
the type of fever as a rule changed to an intermittent one with 
lower maxima. We have made such observations also in 
instances of the first occurrence of caseous softening, in patients 
who had as yet no open lesions and therefore no bacillary spu- 
tum, and found that the bacilli disappeared soon after the focus 
had secured an exit into a bronchus, with the amelioration that 
usually follows in the febrile and other symptoms. 

»V. Liebmann; Berl. klin. Woch. 1891, XXVIII, 97. 

"^P. Guttmann & P. Ehblich; Deut. med. Woch. 1891, XVII, 251. 

^ Lydia Babinowitsch; Tuberculosis. 1913, XII ^79; and elsewhere. 
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In our judgiaent thi- accompanyiiiB symptoms, inuluding 
fever and its increase or its change in type, represent intensi- 
fied specific reactions, depending upon and eorresponding in 
degree with the amount of soluble and eorpiiseular antigen 
which enters the blood, and we have been able to stop this spon- 
taneous intake of antigen by lung-compression, which was fol- 
lowed by a prompt relief of symptoms and by the disappearance 
of the bacillemia. 

It will be remembered that, in his first communication on 
tuberculin, Koch " espresHed the opinion that the action of the 
remedy is exerted not upon the tubercle bacilli, but upon the 
tuberculous tissue; that it promotes the softening (" Einschmet- 
zmig") of the latter and, by the removal of the pathological 
tissue, places the organism in a condition in which healing can 
occur. Reactions were therefore believed to be useful and in- 
dicative of the direct action of Ihe remedy upon the disease- 
process. Many observations of real or supposed barm resulting 
from pronounced and repeated reactions suggested that Koch 
bad erred, if not in his conception then in its application, and 
as early as 1891 recourse was had to small and even minute 
doses by which fever-reactions, and even manifest focal reac- 
tions, were to be avoided. With the reestablish me nt of tubercu- 
lin-therapy the gentle, "insinuating" method, according to 
Sahli, was practised almost generally. But even at that early 
period the relation between reaction and improvement was 
noted. So said Koch,'* "after every tuberculin-reaction an 
unmistakable improvement follows in the tuberculous process." 
Professor v. Leyden "■ believed that the fever-reaction consti- 
tutes an essential part of the intended curative action of tu- 
berculin; Konigsbiifer & Masehke '" say, in reporting holh gen- 
eral and focal reactions in all cases of tuberculous eye disease 
treated with tuberculin, that "in consequence of this reaction" 
considerable improvement was observed in all cases, and com- 
plete cure in corneal ulcers. 

Further studies in infection and in immunology showed that 
a definite relation exists between the reactibility to tuberculin 

"B. KoCH; toe. cit. (p. 117). 

"B. Koch; Deut. med. Woch. 1897, XXIII, 209. 

"v. Leydek; Klin. .Tahrbuch. ErgSiwungsband. 180!, S. 5. 

"O KoniqshBper & E. Maschke; Di?ut. ine.l. WopIi. 1891, XVII, 72. 
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1 the development of immunity in tuberculosis. In several 
instructive communications, v. Pirquet & Schick " illustrated 
this relation and arrived at the conclusion, which was confirmed 
by Hamburger,'* that the reaction to tuberculin depends upon 
the presence of specific antibodies. An individual that possesses 
no antibodies does not react to tuberculin. This may mean 
either that this individual is entirely free from tuhereulosis 
or that all available antibodies are bound to the bacterial sub- 
stances, as is the case in generalized or far-advanced tubercu- 
losis and in the acute disease. 

This idea was developed further, especially by Wolff-Eisner," 
Romer," Hafiiburger," who showed the intimate relation be- 
tween the condition of hypersensitivencss. following upon a first 
infection or sensitization, and the reaction to the specific bac- 
terial proteins (tuberculin), as well as to immunity. It was 
asserted that hypersensitiveness is a necessary condition for 
the occurrence of a reaction and also for the development of 
immunity, and that, as Hamburger expresses it tersely, a posi- 
tive reaction to tuberculin is an indicator of tuberculosis- 
immunity. Wolff-Eisner concluded that a brisk, sharp reaction, 
which subsides as promptly as it develops, indicates a satisfac- 
tory degree of immunity, or one which can be increased by 
ircatment and therefore is prj^nostically favorable; while the 
absence of a reaction in manifest tuberculosis, or its slow, pro- 
tracted appearance and courae denote the reverse and are prog- 
nostically unfavorable. In other words, a certain degree of 
hypersensibility, a power of reaction or a reactibility is a con- 
dition for the development of immunity. 

These views, which were supported by experimental evidence 
and by clinical observation, make the problem of tuberculin- 
reactions appear in a new light and once more prove the deep 
insight and the comprehensive, if more prophetic, understand- 
ing of Koch, of the new science of immunology of which he had 



" V. PiB^UBT & B. Schick [ Wi 
1905, SVin, 431. 

" HAttBVttaKR; ibidem. 1008, XXI, 1043. 

"WoLrr-EcsNEB; Eeitr. z. Klin. d. TulwrkuloM | 
mosograpb, Wurisburg, 1009. 

-P. H. mum; Beitr. z. Klin. d. Tuborkulo»e. 1908, XI, 79 (99). 

" Fkanz Hambubgeb; lei;, cit. 



Win. Woch. 1903, SVI, 753 and 1244; 
IX, 1. AIM hii 
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been one of the founders. liuildmg upon these views, a broader 
and more teleologioal conception of the tuberculin reaction in 
its different phases has been developed. 



It is to be noted that the opinions concerning and the ex- 
planations of the action of tuberculin and of its very nature are 
by no means unanimous. Wolff-Eisner" declares that all tu- 
berculins, from old tuberculin to haciJlus emulsion, are essen- 
tially alike and that they act through the presence of corpuscular 
substances which give rise to the formation of baeteriolysins in 
the blood. Van Calcar"" denies this, and we ourselves'* are 
inclined to persist in the opinion which we expressed several 
years ago, according to which the specific products of tubercle 
bacilli, which are available on the market, fall into two groups: 
namely, the tuberculins proper, i.e., those which are made from 
tlie culture-media upon which the bacilli have been grown and 
from which they have been removed by filtration, and those 
which contain the bacillary body-substances. Our experimental 
investigations, which will be described in Part III, have con- 
vinced us that the tuberculins proper, which include Old Tu- 
berculin, Albumose-free Tuberculin, Bouillon Filtre, Endotin, 
Beraneck's Tuberculin, and many others, represent exotoxins 
of tubercle bacilli, that is to say, products of secretion or of 
metabolism of the bacilli, which enter the culture-medium dur- 
ing tbeir growth upon it. If the cultures are permitted to 
become old before filtration, or if the tuberculins are prepared 
with the aid of heat, they contain, in addition, certain amounts 
of the bacillary extractives. The second group embraces the 
preparations in which the bacilli themselves are contained, viz., 
Koch's Tuberculin R. and his New Tuberculin or BE, and the 
bacillus emulsions of others ; also extracts of the bacilli, like our 
Watery Extract, our Vaccine, Landmann's Tuberculol and some 
others. These preparations differ from the tuberculins proper 
in that they contain bacillary endotoxins, i.e., the body con- 
stituents of the bacterial cells.'" The custom of designating 

"A. Wour-KiBNEs; U,r. rit. 8. E2S, fT. (p. 101). 

■B. P. VAN Calcab; TubcrkuloBe unil Immunitit. Leiden, 1910, S. 105. 

"K. v. Ruc'K & S. v. Hi^ck; h.r. rit. (p. 87). 

"Wfaile all these prepHrntioua are capnble uf producing reactiona, u 

is claimed by WolSEisner, they do not Uo so interchangeably in the wnoe 
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all preparatioQS of this class, without distinction, as "tubercu- 
lins," must unfortunately often give rise to miaunderatandings. 
In agreement with Citron " and others, we reserve the term for 
Koch's old tuberculin alone, which we believe to be essentially 
different from the preparations containing the tubercle bacillus 
substances. We are also in accord in this view with Kans 
Aronsohn," who showed recently that a typical hypcrsensibility 
can be produced with tubercle bacilli and with solutions con- 
taining native tubercle bacillus proteins, but not with old 
tuberculin. 

Aa to the focal action of tuberculin, many authors (Oscar 
Hail, Wa.ssermann & Bruck, etc.) agree with Koch that the rem- 
edy acts directly on the tuberculous tissue. In Bail's " opinion, 
it causes the formation of a toxic reaction-product which stimu- 
lates inflainmation around the tuberculous focus, while the 
general effect is not direct but indirect. Much & Leschke '" 
approach Wolff-Eisner's theory when they relate that in all 
animals treated with tubercle bacilli, opened up by means of 

essarilj proiiuce rpoctiana in tlic aaiue tubercuIouB indiTidual. 
froecurrciK^e of the reai'tiona undoubledlj liepenils upon tbe prBMDCB 
ciflc amboceptors, hut the several toiic BUbBtances dilTer in their 
vhentcal and molecular constitution, and the specific action at the am- 
boceptors which are formod ia response to their absorption ie limited to 
those toxic substances which have given rise to their development Bad is 
not general for all tubercle bacillus products. A patient may, therefore, 
react to a secretion- or metabolic product of the tubercle bacillus, e.g., to 
Old Tuberculin, and fail to react to one or more of its body-constituents. 

It appears that Wolff Eisoer 's statement that the action of all tubercu- 
tins nas identical, has led some physicians to aceept hia corollary view that, 
in consequence, it makes no difference in the development of Immunity 
whether one or the other product of tubercle bacilli is ndminist«red. Such 
a view is undoubtedly erroneous and is certain to lead to disappointing 
results in the specific treatment of tulicrculouB patients. While it is true 
tliat all so-called tuberculins have the common action of producing specific 
aroboeeptors, it must be borne in mind that the amboceptors for one of 
the several specific products of the tubercle bacillus are not specific for 
all, and that specific ainboccptjirs are required for the body -constituents and 
not for tbe exotoxins which tbe tubercle bacilli secrete in their living state, 
if a bacteriolytic immuni^ against the tubercle bacillus is to be produced. 

" Jm,ius CiTBOK; (or, Ht. 8. SO (p. 02). 

"Hans Abonsohn; Deut mod. Woeh. IB14, XL, 487. 

"O. Bail; Ztsehr. f. Immunitatsforsch. 1912, XII, 451. 

■H. Much £ E. Lbschxb; to<i. cit. (p. 48 footnote). 
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weak organic acids, an immunity was produced which was 
mainly bacteriolytic and which likewise found expression in a 
decided hyperaensibility to intracutaneous applications of tu- 
berculin. In Sahli's'" opinion, tuberculin produces "tox- 
inimunity" ^Oiftfestir/ung) , which renders the organism in- 
sensible to the proteid poisons elaborated in the tuberculous 
focus. Against this, Hans Arnnsohu ^' claims that the action of 
tuberculin is neither immunizing nor docs it produce a tos- 
imraunity, and that any favorable effect is probably due to a 
stimulating action which tuberculin in small doses cserts on 
the leucocytes. Accordingly, Aronsobn denies the specific char- 
acter of the focal and general tuberunlin-reactions (which had 
before him been disputed by Hiippe. SchoU and others), while 
admitting it for the skin-reaction. Tuberculin contains, in bis 
opinion, a specific and a non-specific component, the same as 
Petruschky postulates for the hypersensibility of the tubercu- 
lous organism. 

The hypersensibility of the tuberculous organism, to tubercu- 
lin, or to specific products of tubercle bacilli, which is a neces- 
sary condition for the occurrence of a reaction, is induced by 
the dLsintegralion, in the organism, and by the absorption of 
the foreign, bacterial protein, to which the oi^nism iv^sponds 
by the formation of react ion- products tending to bind the for- 
eign protein, to reduce it to a simpler molecular state, and to 
neutralize its action. The reaction which follows the injection 
of tuberculin consists, according to Petruschky,"' of four char- 
acteristic phenomena: 

1. Local circumscribed inflammation, 

2. Rise of body-lemperature. 

3. Active hyperemia in the tuberculous focus with increased 
focal temperature, 

4. General symptoms of malaise, etc. 

The beneficial action of bacterial vaccines depends,' according 

to Wright." upon the power of the tissue-fluids to break them 

■ Hermann Saiili; Tuberculin Treatment (English by W. B. CliriB- 
topherson, from the third Germjin edition). New York. 1912.— Ueber 
Tuberkulinbshandtuiig. 

"Hans Aronsohn; 

"J. PETBUBCHKTi 

"A. E. Wbioht and others; loc. i 
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vaccine cau affect the tissues in such a way as to cause any 
iminuQiitiiig response, the bacterial protoplasm must be brought 
into solution and probably also broken down. The power of 
the individual's body fluids to break down the vaccine (bac- 
terioclastie power) explains the fact that reactions, both gen- 
eral and local, may follow the injection of vaccines of easily 
broken-down organisms, such as the typhoid bacillus; and also 
that, following the injection of a large dose of vaccine (e.g.. 
tuberculin) into au infected patient (with an enhanced bacte- 
rioclastic power), a general reaction occurs." 

The local reatition at the point of injection is generally con- 
sidered to be of tliagnostic value and is caused by the presence 
of free antibodies in the tissues, by which the injected antigen 
is anchored, ieading to a circumscribed tissue-stimulation with 
hyperemia. As far as the therapeutic application of tuberculin 
preparations is concerned, ,1. Ritter " holds that the local reac- 
tion is of no import whatever. He denies the correctness of 
Spengler's assertion that it "announces" a focal or a general 
reaction, and claims that it occurs independently of both. It 
usually appears from six to twenty- four hours after injection 
and disappears gradually in the course of from two to four 
days. Treatment with old tuberculin tends to suppress tlie 
local hypersensibility to it, which, according to Bessau," is not 
desirable. 

The General Reaction is. as a rule, accompanied by fever, 
with or without malaise, aching in the joints, headache, nausea, 
etc. ; but some of these symptoms may be absent or may occur 
without a marked rise in temperature or without any rise. The 
fever usually commences between eight and sixteen hours aft«r 
the injection of tuberculin; it may begin sooner, or, according 
lo Petnischky,'^ it may he delayed as much as two or three 
days. The return to normal takes place gradually, between 
twenty-four and forty-eight hours later. 

We have never observed so long a delay as three days, and 
not even one of forty-eight hours, in which we could not, on 
careful investigation, eliminate the relation of the fever to 

".T. Bittkb; Tuborkiilose-Fortbil.tungBkurae. Wiiriburg, I9H, II, 49. 
"G. Bbssau; Miineh. me.!. Woch. I91.i. LXIT, 323. 
"J. Petbuscuky; loe. nt. S. 16 (p. 136). 
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the administered dose of the specific remedy or in which saoh 
a relation was not decidedly doubtful. Pctrusehky states that 
fever, which appears earlier than six hours aft^r the injection, 
is always due to other causes than tuberculosis, and the same 
is claimed by him for continued fever, or for temperature rbes 
and remissions with large variations continued through several 



It is the fever-reaction to tuberculin and allied products to 
which most of the objections have been raised, and most phthisio- 
therapists advocate avoidance of doses or of their increase by 
which rises of temperature of over one degree Fahrenheit are 
caused. Others are, however, of difEerent opinion. C. Spengler *' 
considers fever-reactions to be a welcome index of strong focal 
reaetious, aud believes that healing is promoted by such reac- 
tions. Engel '' states that the height of the reaction-fever is of 
less serious import than is its duration, and that it is the con- 
tinued fever that tends to work harm. According to Roily," 
a' moderate increase of temperature has a curative, rather than 
a harmful, effect, because it stimulates an energetic activity of 
the leucocytes and a greater production of immune substances. 
Ed. Aronsohu '" points out that fever, unless excessive, does 
not injure the body-celLs. but rather increases the formation 
of protective substances, and that fever probably increases the 
power of the antigens to bind, or ta be bound to, the cell-re- 
ceptors. On the other hand, Petruschky*' claims that every- 
fever- temperature is "a cry of distress of the body" and indi- 
cates an excessive strain upon it. He asserts that the fever- 
reaction is not required in tuberculin treatment to secure thera- 
peutic results. 

Pottenger " calls attention to the fact that it is not the rise 
of temperature which is harmful, hut the underlying condition 
which produces it, which at the same time causes the phe- 
nomena that often accompany and are carelessly attributed to 
it. According to him, a temperature reaction is a mauifesta- 

"C. Hpenotjir; Deut. med. Woeli. 1906, XXXII, 311. 
"Enobl; Bcitr. li. Klin. d. Tuberkulose. 1909, XIII, 243. 
■Rolly; Deul. med. Woeh. 1911, XXXVII, 2121. 
"Ed. Abonsohs; Deut med. Wooli, 1B12, XXXVIIT, 7,1. 
"J. Pbtbuschky; loc. cit. S, 67 (p. 136). 
"P. M. P(vrTE.vaER; tor. Hi., p. Ill (p. 156). 
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tion, on the part of the organism, of its ability to cope with 
some pathological process; the danger time, in an infectious 
disease, is not when the fever is high, but when it is low, be- 
cause the failure to respond shows that the body-cells are 
exhausted and can no longer react to the stimulus of the 
toxins. 

While Koch *' admits that, in the treatment with specific 
remedies, fever-reactions should be avoided as much as possible, 
Sahli** concedes, in spite of his fear of them, that doses of 
tuberculin, which are large enough to cause such reactions, 
may occasionally have a better effect than those to which no 
fever-reactions have followed. Still, he insists that reactions 
are dangerous and should be avoided in practise. According 
to Schiirer,*" in rabbits that were first sensitized with human 
tubercle bacilli, and then treated with albumose-free tuberculin, 
antibodies were formed only in those animals which had reacted 
with marked fever. This he states is in accordance with Ehr- 
lich's view, that fever-reactions are necessary for the production 
of antibodies. 

The idea that fever is not necessarily harmful in itself, and 
that it may even be salutary, dates back to the time of Hip- 
pocrates and his pupils ; it recurs in the writings of Sydenham, 
Stahl, Boerhaave, Friedrich Hoffmann, Schonlein, Canstatt, and 
is admitted, under exceptional conditions, by Virchow. 

Whatever may be the net result of these opinions, which are 
representative of the many expressed in literature, it must be 
acknowledged that fever, as such, is no longer considered as 
something necessarily injurious which must be avoided and sup- 
pressed. It has been shown that fever constitutes a defense of 
the organism, a tissue-reaction to an exogenic stimulation or 
irritation ; therefore, the very fact that the sick body can respond 
with fever to the presence of a noxious agent is an indication of 
battle shown against the enemy. We agree with the view that 
fever is more apt to work harm if it is long continued, and that 
even a very high fever need not be injurious, but that it may 

*■ BoBERT Koch, in Bandelier-Ropke ; Spezifische Diagnostik u. Therapie 
der Tuberkulose. 3te Aufl. Wiirzburg, 1909. Vorwort. 

♦•H. Sahu; Beitr. z. Klin. d. Tuberkulose. 1908, X, 366 (8. 370. Foot- 
note). 

*• JoH. ScHmffiE; Deut. Arch. f. klin. Med. 1913, OIX, 112. 
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be rather the reverse, provided the temperature returns to nor- 
mal within a. reasonable time. This is su^ested very strongly 
by our own observations of decided improvement in patients who 
responded with sharp rises of temperature to vaccination or to 
treatment. 

Focal Reactions. — In the consideration of focal reactions, by 
other observers, it is well to remember that, according to the 
early conceptions of the action of tuberculin, curative results 
were apparently dependent upon these reactions. So reported 
v. Bergmann." that in his cases of lupus, healing was more 
rapid after decided foeal reactions ; Cornet *' declared a few 
years ago that, while the prevailing method of tuberculin treat- 
ment seeks to avoid severe reactions, it does not produce such 
surprising improvements as he used to observe in isolated cases 
with the large doses administered at first. In 1898, Carl 
Spengler*' expressed the view that focal reactions are abso- 
lutely necessary to produce healing, if not accompanied by 
high fever. Citron " also found focal reactions to be necessary 
for healing, and Hamman & Wohnan ''" consider it fair to state 
that these reactions promote fibrosis. Bandelier & Ropke " 
agree with others upon the importance of focal hyperemia, but 
insist that it may occur without malaise and fever. Pottenger 
fears repeated focal reactions as potentially harmful. In case 
of a small circumscribed lesion, he considers that a marked focal 
reaction, even if it is repeated, is not harmful; but, if the tu- 
berculous process is decidedly active and more extensive, a 
marked focal reaction might be injurious, although as a rule it 
does not prove so if it is not continuous. He often noted marked 
improvement after decided foeal reactions. Pottenger does not 
entirely agree with Wright's idea that repeated focal reactions 
are harmful because the organism is kept in a negative phase, 
thus preventing an immunizing response ; he believes rather that, 
by repeated severe focal stimulation, the destruction of tissue 
"v, BebomanNi Klin. Jahrhueh, Erganiungaband. 1S81, S, 238, 
"O, Cobnet; Die Tuberkulose. 2W Aufl. Wieo., 1907, S. tOlO, 
"CablSpkngi-bk: Bcitr. k. KUn. il. Tuberkulose. 1914, XXXI, 187. 
".luLius CiTBOtj; Berl. kJin. Wocli. 1907, XLIV, 11.15. 
••HAMMis & Woi.MAN; Tuberculin in DiasnoaiB and Treatment. 1912, 
New York, p. 255, 

"Bandeuer & Ropke; Ijchrbucb der Spczifischen Diagnostik und 
Tberapie det Tuberkulose. Wuriburg. 7t« Aufl. 1Q13, S. IM, 
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forced, instead of a hi'alintt pnieoNs Iwing promoted. Bessaii " 
believes lliat severe focal reactions are not so inufh injuri- 
ous in themselves, but are so indirectly, the injury depending 
upon the sequela.' of the reaction, viz., general reactions or Ioni- 
an lianaphy lax is. In his pti'Boual experience, White"' is quite 
sure that tuberculin has done him great good when he took 
enough at one time to produce a niild reaction, but that he haa 
never been able to notice the slightest influence from small doses. 
Other English observei-s, for instance, Sir James Fowler,'* 
unequivocally consider focal reactions dangerous. 

Petrusehky" summarizes the manifestations which are pro- 
duced by focal reactions as follows: 

1. A local hyperemia is induced in all visible tuberculous 
foci, after each introduction of tuberculin into the body. 

2. An increase of the polynuelear leucocytes, and an in- 
creased activity of the phagocytes occur after even quite small 
doses. 

3. The ability of the organism increases to break down tu- 
berculin, i.e., to render it ineffective in itself; this is observed 
in continued introductions of tuberculin. It suggests biochemi- 
cal processes in the blood, the formation of "antibodies." 

4. In the favorable course of tuberculin treatment there is a 
diminution of the hypersensitiveness of the nervous system and 
an increase of trophic and regenerative processes in the body, 
which is manifested by an increased appetite and an increase 
in the body-weight. 

The opinions to which we have just referred were formu- 
lated for the purpose of accounting for certain phenomena which 
seemingly stood in relation tx) the administration of tuberculin 
and of similar preparations in all stages of tuberculous disease, 
and especially in pulmonary phthisis. Aside from its bacterial 
origin, however, the course of phthisis is dominated by many fac- 
tors, over which the specific treatment has no control whatever; 
its symptoms vary greatly under any methoil of treatment, and 
often change abruptly without any apparent external cause. 
We have no doubt that the clinical observations, which under- 
go. BiSHAU; Ion. cit. (p. 171). 
-W. Ch. White; The Lancet; 191.% IT, ^77. 
"Sib James K. Fowi.er; Tlie Lancet; 1913, II, 376. 
"J. PetruscHKv; Joe. cit. QruudrisH, S. 4G (p. 136), 
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lie these and other opinions, have often been misiutorpreted, 
and tliat specific treatmpiit has often been oitlier credited or 
charged with manifestations and results for whii'h other con- 
ditions were really responsible, a viewpoint whieh is supported 
by the opposing opinions of different observers. 

Every physician who has had much experience in the specific 
treatment of pulmonary phthisis has had occasion to modify 
and remodify his views, concerning the action of the particular 
preparation which he employed, its dangers and its clinical 
benefits. In order to secure a basis for valuable and valid con- 
clusions in this respect, it is first necessary to study uncom- 
plicated and purely tuberculous processes, as they are met with 
in the earliest manifestation of the disease. We believe that our 
observations upon our vaccinated children and adults are, there- 
fore, peculiarly adapted for the study of the question under 
consideration, and that the early-stage closed eases of our clini- 
cal material are likewise suitable for this purpose. Since we 
have seen no harmful, but as a rule only beneficial, results fol- 
lowing the occurrence of general and focal reactions in a com- 
paratively large number of cases, we believe ourselves justified 
in the assumption that in this class of cases the contrary must 
be comparatively rare. We shall have occasion to I'onsidcr this 
subject further in connection with the specific treatment of 
tuberculosis, and on p. 248 the reader will find o»r own viewa 
as to the occurrence and significance of reactions and of their 
causes as we understand them. 
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CHAPTER VII 

PRACTICAL RESULTS IN PROPHYLACTIC 

VACCINATION 

Proceeding now to the consideration of the benefits derived 
from our method of preventive vaccination against tuberculosis 
we intend to advert only to the results in those children and 
adults whom we had an opportunity of personally examining 
again after periods of a month or more, and who had reacted 
positively to the administration of the vaccine. The reexami 
nations were made at various periodis ranging from one to 
forty-two months ; for the sake of brevity, and in order to group 
the cases, it was necessary to include intervening periods in 
such a manner that the time of reexamination of the individual 
cases approached nearest the time stated in the tabulations. 



GENERAL IMPROVEMENT. NUTRITION 

The general improvement occurring after vaccination can he 
shown best by the gain in weight experienced by the vaccinated 
persons, as it appears manifest after a given time. In children 
the natural increase must of course be taken into consideration, 
for if the recorded gain in weight were not greater after vac 
cination than it was before, a claim of benefit from the treat 
ment would not be tenable; neither can the influence of the 
treatment become manifest in this direction in those children 
who, at the time of their vaccination, were not materially be 
low the average weight for their age. 

The question then arises, What is the proper weight for a 
child at a given age-period, and how does this differ in children 
who have experienced a tuberculosis-infection 1 

Unfortunately it is not possible to speak of a normal weight 
scale for children, because no data are available by which such 
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a normal scale c&q be established. Since Quetelet,' in 1835, and 
Howditch," in 1877, published the results of their weighings of 
children, few attempts seem to havu been made to eontrol and 
revise their results which are still used as a basis for similar 
tabulations. Most of the investigations that have been recorded 
are not comparable because the materials have been handled 
from too greatly differing viewpoints, and many of them are 
pot cited uniformly in the literature available lo us, which 
renders the use of any but original publications unsatisfactory. 
While mast authors have weighed their children without mak- 
ing allowance for the clothing (for the deduction of which dif- 
ferent figures are, however, given), Schroder's* boys, for in- 
stance, were weighed naked. In Howditch's material, which 
comprises 24,595 school children in Boston, anything like regu- 
larity and uniformity, e.g., with respect to the hour of the day. 
the stale of bowels and bladder, etc., must have been impossible. 
and yet these and many other things may alter the results of 
weighing very materially. Another point of importance is that 
the figures given are irrespective of the state of health of the 
children and, in consequence, the results do not represent the 
normal, but the average figures for the respective age-periods. 
This is of particular importance for our inquiry because, since 
the first infection, which ultimately leads to phthisis, occurs in 
ihe majority of eases in childhood, it follows that in many chil- 
dren the infection had probably already produced certain nu- 
tritive disturbances which are reflected in the weight-behavior. 
On account of tliese and other considerations, the establishmeut 
of a normal weight-scale for children, and the readjustment of 
the existing average weight-scales, is urgently called for. 

The available literatnre on the weight- behavior in pulmonary 
tuberculosis does not aid us much in our inquiry because it 
deals, with few exceptions, with adult patients ill with clini- 
cally manifest tuberculosis, while our children's material is 
largely made up of so-called "pretuberculous" subjects in the 

'Quetelbt; Sur rhonune et le d^veloppement de ses faculty. Paria, 
1835. Cf. ViEBORDT, in Gebmardt; Handbui^h d. Kioderkrankh. ; Tubingoii, 
!, laai, 227. 

'H. BowDiTCH; The Growth of Chililron; Boston, 1877. cf. ViEBOSDr, 
iu Gebhabdt, loc. eit, 

•Vlu. SchkSdeB; Archiv f. Hygiene. 1888, IV, 39. 
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tmly early (or primary) stage of tlie disease whicli ia desig- 
nated by Hamburger, also by Petruscliky, as the stage of lymph- 
gland involvement. In this stage the loss of weight that accom- 
panies the "eonaiimption" of the Inxly is not yet active, and- we 
do not have to deal with fever, night-sweats, hemoptysis, de- 
structive processes attended by copious secretions, all of which 
are factors in the emaciation of phthisical persons. Among the 
other causes of loss of weight, some or all of which may be of 
import even in early and prophylactic cases, we may mention 
anorexia, dyspepsia and diarrhea, and especially the action of 
toxins. That the loss of weight may be a toxic symptom appears, 
according to C. Fischer* from the fact that, in intestinal tu- 
bercidoais, it is often out of all proportion to the slight extent 
of the intestinal and glandular lesions. This view is confirmed 
by an observation of Kuthy," that guinea-pigs inoculated with 
large doses of sputum from a consumptive, which contained 
many bacilli but had been sterilized by moist heat, did not show 
tubereolous changes but perished of toxic marasmus; further, 
by a like experieu(.-e of Wolff-Eisner (ibidem), who, after in- 
jecting t«n guinea-pigs with a dead culture of tubercle bacilli, 
one year old, found them at autopsy iu a state of severe cachexia, 
but free from tuberculoeia. 

We have ourselves made corresponding observations in a 
much larger number of animals, which died under treatment 
with fractions of the body-substances of tubercle bacilli in 
solution, especially with a pepton and with certain alcohol- 
extractives, in doses of only 0.1 milligram. Death followed 
after these doses in some instances within twenty-four hours, 
and when the animals had lived longer the autopsy results were 
the same as those described by Wolff-Eisner. 

Such degrees of poisoning with products of the tubercle ba- 
cillus, in small animals like guinea-pigs, are not noted in man, 
unless we accept the marasmus and cachexia of the terminal 
stages of phthisis as being due to it alone. Nevertheless the loss 
of weight, while slower in occurrence and more mo'' 
degree, is also an early symptom and is sufficient 
to be properly considered in clinical diagnosis. Thi 

'C. FiacHKB; Zeitschr. f. Tuberkviloee. ]9in, XVI, 3»! 
•Kdthy & WoLfi'-ETSKEB; Die ProguoHOut^ilimg b, li. I 
Berlin n. Wieit, 1914, 8. 183. 
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of the loat weight, after the administration of vaccine and of 
like products of the tubercle bacilliia, is therefore significant 
and indicates the removal of the cause which stood in relation 
to the previous loss; and the cause of this loss is, in the last 
instance, the tuberculous infection which has evolved to a suffi- 
cient degree to manifest itself in this manner if by no other 
symptom. 

Years ago, Kohlsehiitter * claimed diagnostic value for the 
weight-curve in tuberculous persons, and W olfF- 1 m merman n ^ 
considered it as of equal import with other methods of exami- 
nation and obaervation. At the Washington Tuberculosis Con- 
gress, Shoemaker* advocated monthly weighingn of all school 
children, in order to separate the delicate from the robust. 
and to refer the former to the physician : for he claims that 
there is no clinical sign so reliable or so expeditiously ascer- 
tained as the decline of body-weight. All healthy children gain 
in weight, and failure to do so is an indication of something 
wrong. Miller and Woodnjff" even believe that malnutrition 
is sometimes the only appreciable evidence of tuberculosis in 
children. 

It should, of course, be kept in mind that a "normal" weight 
does not necessarily indicate a normal organization. Even in 
progressive tuberculosis a loss does not always take place, and 
Kohlsehiitter cites the case of a young man who gained almost 
four pounds in weight in the course of a fatal tuberculous 
pneumonia following upon a severe hemoptysis. Ordinarily, 
however, the unfavorable influence of tuberculosis upon the 
body as expressed by loss of weight is undoubted. In 274 "pre- 
tuberculous" and tuberculous children in the County of Cum- 
berland, examined by Fraser,'" there were, for their respective 
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Above tliB overage weight 68 or 24.8 per cant 

Of average weight 30 or 10.9 " " 

Below average weight 176 or 64.3 " " 

•E, Kom-acirUTTKB : Volkmann, Samml. Win. Vortr. No. 303, 1887. 

'WoLfT-lMMEBMANN; Muoch. tiiecl. Woch. 1898, XLV, 777. 

•C. H. Shokmakes; Trans. Waaiiingtfln Tuliireiilogis Copgrew. 1908, 
II, 598. 

•J. A. MiLLEB and I. O. WoonBUFr; ibidem. 1B08, IT, 487. 

"Kenneth Fiuseb; Brit Journ. of Tuberculosis. 1915, IX, 1. 
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Tbe degree of the loss in weight, wbich has been experienced, 
has also been considered as of prognostic iiiiportaiicc. lu a 
study of 8406 tuberculous patients over fifteen years old, 
de la Camp " observed the weight- liehavior, comparing it with 
Landois' tables of "normal" weights. Those patients who 
weighed less thaa 70 per cent of their proper weight had an 
unfavorable prc^noniis. An admission- weight of 70 to 60 per 
cent of the normal gave a doubtful prognosis, but if the admis- 
sion-weight was 80 per cent or more of the normal, the prognosis 
was favorable. Franfeenau " notes that in several infants with 
symptoms of tuberculosis, who survived the first year of life, the 
weight was always relatively good, never less than 65 per cent 
of the normal at the time the diagnosis was established. Of 
thoae who died, only few showed as favorable weight-records as 
65 per cent of the normal. He cites Engel to the effect that 
in babies in good nutrition the tuberculosis is usually limited 
to the lymph-glands and that death occurs only in consequence 
of accidents leading to dissemination; on the other hand, in 
poorly nourished babies the organs are likely to become involved 
in the tuberculous process, which then takes a rapidly fatal 
course. 

In respect to these observations it is hardly necessary to point 
out that the previous loss in weight was the expression of the 
greater or less marked evolution of the tuberculous disease, and 
that the prognosis was necessarily better in those cases in which 
the absorption of poisonous bacterial products waa slight or 
had not yet influenced the nutrition. 

Ordinarily a gain in weight in tuberculous persons is taken 
as an index of improvement, and justly so, especially if it is 
accompanied by other evidences such as loss of fever, dimi- 
nution of expectoration and of night-sweats, etc. Yet a gain in 
weight may merely mean improvement in physical health with- 
out a corresponding healing, and, reversely, a failure to gain 
weight does not always mean non-improvement. This is par- 
ticularly true of those patients who have not suffered a great 
loss of weight and who are very close to their physiological 
standard; in them a gain cannot he expected to be as marked 
as in those who have much to make np. This is in accord with 

" Dk u Camp; Berlin Tuberculosis CongresB. 1899, p. 4J7, 

** Abnold Fbamciekaii ; Innug. Disa. ErloJigen. 1912, 8. 14. 
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the observation of Berger " in the Basel Sanatorium at Davos, 
that patieuts who are below weight and in poor nutrition gain 
faster than others, under otherwise like conditions, and it is also 
borue out by Julian in his observations that the children, who 
had been muuh bt'low weight before, showed the greatest rela- 
tive increase after vaecination. 

Observations in a number of Danish tuberculosis sanatoria" 
indicate that the gain in weight experienced by the patients 
showed marked seasonal variations, in that considerable gains 
were recorded for the total of the patients during mild and 
humid periods, while the gains were small or even negative dur- 
ing cold and dry periods, as ascertained by weekly weighings. 
Consequently the summer half-year showed more "positive" 
weeJis than the winter half-year, and the latter had nearly twice 
as many "negative" weeks as the former. The most decided 
average gains were recorded in June, July, August, September, 
while losses occurred, for the average of the patients, during 
October, November, December. This variability is esplained 
by Strandgaard as standing in relation to meteorological condi- 
tions. Half-yearly weighings, for sis yeare, of 253 schoolgirls, 
from three to sixteen years old, in Jaegerapris, Denmark,'" 
showed an average increase of 1,9 pounds during the winter term 
and one of 3.0 pounds during the summer term. 

In estimating the net gain experienced by tuberculous pa- 
tients, it is to be remembered that the cheeking of further loss 
constitutes a net gain in itself. Further, in evaluating the gain 
obtained, the most important ckiteeion is not so much ths 

ACTUAL PLUS OF TOTAL BODY-BULK WHICH HAS BEEN ATTAINED OVKB 
THE LOWEST PREVIOUS FIOUBE, BUT R<\TnEH THE AMOUNT OF GAIN 
WHICH IS RETAINED AND PRESERVED PERMANENTLY. It is of im- 
portance to note that the children treated with vaccine were 
found on later examinations to have retained their gains in 
weight, and thereafter to have continued to gain in accordance 
with the average progress for their respective age-periods. 
We have both age- and weight-records in 1092 of the 1512 chil- 

"Abuand Bbmee; Inaug. DiBBertation ; Baselj 1905. Zeitschr. t. Tuber- 
kuloae; 1905. VII, 521. 

»cf. N. J. Stbandgaard ; Boitr. z. Klin. li. Tubcrkuloae. 1914, XXXII, 
179. 

"M, Vahl, Pitcii hy Stba; 
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dren under cods! deration and, with few exceptions, tbey be- 
longed to the well-to-do elass, wliich fact, aceording to Bow- 
ditch's figures, tends to raise the aveiage weights. In tabu- 
lating the results in these children we find such large variations 
at a given age period that it is hardly possible to explain at least 
some of them otherwise than by the influence which the preceding 
tuberculous infection may or may not have exerted upon the 
general nutrition. Thus our weight determinations, before vac- 
cination, varied within the following limits; 

Weight, lbs. 
Age, Yean. Mioimum. Maximum. 

2-3 21 38 

3- i 21 36 

4-5 24 37 

5-6 .lOi^ 53 

8-7 29 48 



9-10 43 54 

10-11 42 62 

11-12 50 73 

12-13 eOf^ BO 

13-14 60 105 

An attempt to compare these weights with the old tables of 
Bowditeh and of Quetelet affords little or no light in regard to 
what should be considered as normal, becau.se neither of them 
could separate those ehildrcn who had suffered a tuberculoaia- 
infection from those who were free from it. Bowditeh men- 
tions one factor which may alter the average weight figures very 
materially, viz.. the economic condition of the parents of his 
children. Hia maxima and minima appear to vary as greatly 
as do our own. Quetelet 's investigations confined themselves 
to comparatively small numbers of children (10 for each age- 
period and group), and in bis selection he was probably better 
able to eliminate abnormals. His increa^s in weight from year 
to year are accordingly more uniform. 

Por the convenience of those who do not have access to these 
tables, we reproduce tbose of Quetelet and of Bowditeh, as they 
are cited by Vierordt; also the table used by the Metropolitan 
Life Insurance Company, which is taken from Wellcome'a 
Exterpta Tkerapeutica, and for which we are indebted to the 
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courtesy of the Chief Medical Direftor, Dr. Knight; we kIso 
give the table of Pleischmann, of monthly average weights dur- 
ing the first year of life, likewise taken from Vierordt. We have 
converted the kilograma into pounds, calculating one kilogram 
as being equal to 2.2 pounds. 



AVERAQE WEIGHTS OF CHILDREN IN POUNDS 
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Takiog the total of our own 1092 children, in whom the age 
and weight are reeorded, we find that, before their vaccination 
and in round numbers, forty per cent of our children were more 
or less under weight; forty-five per cent were apparently of 
average weight, and fifteen per cent exceeded the average 
weight for their respective age-periods. 

In 20 infants giving positive reactions to tuberculin or to 
vaccine we tind, on comparison with Fteischmann's table for 
the weight of nurslings from month to month, that 13, or 65 
per eent, were under weight; 5, or 25 per cent, were of average 
weight, and 2, or 10 per cent, were above average weight. 

According to Quetelet, the normal increase in weight is about 
four pounds per year up to the age of ten years; six pounds 
for the eleventh and twelfth years, and ten pounds for the 
thirteenth and fourteenth years of life. It seems to us then 
that, if we accept as a normal increase one-half pound per 
month in children under twelve years, and one pound per 
month in children over tv^elve years of age, deducting that 
amount from the weight shown on reexamination, we have a 
conservative criterion for practical purposes in the estimation 
of the gain in weight experienced by our children, over and 
above that which could be expected to have occurred under ordi- 
nary circumstances. Although it would have been desirable 
for the sake of entire accuracy to take into consideration other 
factors, among them the sex, height, the bony frame, the dif- 
ferences in clothing in boys and girls and the weight at different 
seasons, the advantages enjoyed by children in well-to-do envi- 
ronments, the fact that after periods of from one to three and 
one-half years some of those classed as children had actually 
become adults, etc., we are unable to do better, and leave the 
reader to judge for himself in how far we may have approached 
a conservative estimate of the results. 

The following tabulation gives the average gains of 279 vac- 
cinated children and adults, determined at periods of from one 
to forty-two mouths after vaccination (p. 186). 

The increase in weight shown in this tabulation would appear 
siill greater if we were to consider and tabulate only those 
individuals in whom we had found less than the average weight 
before vaccination, the maximal gains observed having been, as 
a rule, most when the previous deficiency was greatest. In 
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adults the increase in weight is not subject to deductions based 
upon the weight-gain on account of growth, and therefore 
the total gain can be claimed to stand in relation to the vac- 
cination. A number of our adult patients were decidedly below 
normal weight before vaccination and, according to their state- 
ments, the weight had, in most of them, never exceeded that 
materially which we found on the occasion of our first exami- 
nation. The comparative increase of weight in both children 
and adults, accordingly as this had been normal or decidedly 
below normal, will be seen further in a number of cases which 
are described below with more detail; we have added at the 
same time our findings in specific antibodies and the results of 
animal experiments, when they were made, with the sera of 
the vaccinated individuals. These cases are selected in so far 
as two cases are given for each period after vaccination, 
one showing the minimal and the other the maximal gain in 
weight. 



REEXAMINED AFTER THREE MONTHS 

Case No. 1. ** Normal" weight. Gained 1% pounds. 

Jan, 6, 1912, M. R., male, age 8% years; mother has tuberculosis; ap- 
pearance fair; weight 50 lbs.; temperature normal; respiration normal; 
lungs normal; no enlarged glands; v. Pirquet, marked reaction. 

Serum examination: Agglutinins 1:5; Precipitins 1:400; Amboceptor 
trace with tubercle bacilli; other antigens negative; Bacteriolysis negative; 
Blood-alkalinity 0.90. 

Jan, 8, 191 1. Vaccine 1 mgr. ; marked local reaction. 

Jan, 18, 191g, Vaccine 3 mgr.; marked local reaction. 

April 1, 1912, Reexamination. Appearance fair; weight 51% lbs.; 
Feels welL 

Serum examination: Agglutinins 1:75; Precipitins 1:800; Amboceptor 
1:8 or plus with all antigens. Bacteriolysis 2; Blood-alkalinity 1.1. 

8epi, tlf 191t, Serum examination: Agglutinins 1:100; Precipitins 
1:200; Amboceptor 8 — 4 — 8 — 20. Bacteriolysis 2. 

Guinea-pig No. 145. Infected with 0.01 mgr. of virulent tubercle bacilli, 
incubated for 24 hours with the above immune serum * ; killed after 108 
days. Autopsy: normal. 

* In this and the following animal experiments, the tubercle bacilli 
(0.01 mgr.) were always incubated with the same quantity of immune or of 
normal serum, or of normal salt solution. Further details of the autopsies 
will be found in the several tables in Chapter XII. 
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Guinea-pig No. 140. Control. Infected h 
bercle bacilli incubated for 24 hours with nor 
53 days. Autopsy: generalized tubercutosis. 

Cabe No. 2. Uolow "normal" weigbt. Gaiueil 10 pouuds. 

B. M., male, ago 10 months; nnoLlier lias tuberciiloBis; appearance pale; 
Height 16'^ lbB.[ pulae 90; lungs normal; both cervical groups of lymph- 
glands enlarged and nuuieroui; v. Pirquet oiorked reaction. 

Serum wamination : Agglutinins 1 :5 ; Precipitins 1 :4O0 ; Amboceptor 
negative; Bacteriolysis negative; Blood- alkalinity OS. 

Guinea-pig No. 1G7. Infected with 0.01 mgr. of virulent tubercle bacilli 
Incubated for 24 hours with the above serum. Died after 73 days, of gen- 
eral iied tuberciiloBtB. 

Aag, 7, 1911. Vaccine 1 mgr.; marked local and general reaction; tem- 
perature 102° Fahrenheit. 

Aug, It, l$lg. Serum examination: Agglutinins 1:30; Preeipitina 
1:400; Amboceptor 1:4 with all antigens; Bacteriolysis 1 plus; Blood- 
alkalinity l.I ; weight 19 pounds. 

Guinea-pig No. 175. Infected with 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with 0,2 cc. of the above serum; killed after 16!) 
days. Autopsy : no tuberculosis. 

Guinea-pig No. 172. Control. Infected with 0.01 mgr. of virulent tu- 
berolB bacilli incubated for 24 hours with normal salt solution. Died after 
33 ia.ya. Autopsy: genuine and pacudo- tuberculosis. 

Hov, 1, I91t, Keexamined. Appearance good; weight 26^ lbs.; cervi- 
cal lymph-glands not palpable. 

Serum eianiination : Agglutinins 1:50; Precipitins 1:200; Amboceptor 
1:4 and 1:S with all antigens; Bacteriolysis J plus; Blood-alkaJini^ 1.2. 



BEEXAMINED AFTER SIS MONTHS 

OlSB No. 3. "Normal" weight. Gained 3 pounds. 

Oct. tS, 1911. M. H., female; 6 years old; father has tuberculosis; 
appearance fair; weight 3BVj lbs.; temperature normal; pulse 64; lungB 
normal; right cervical group of lymph-glands enlarged; v. Pii'quet marked. 

Serum examination: Aggtotinins 1:S; Precipitins 1:1600; Amboceptor 
negative; Bacteriolysis negative; Blood -alkalini^ I.O. 

Oct. t7, 1911. Vaccine 2 mgr. Local reaction marked; temperature 
99' Fahrenheit 

Apra It, 191S. Appearance fair; weight 42Vi lbs.; temperature nor- 
mal; pulse 8S. 

Serum examination: Agglutinins 1:50; Precipitins 1:400; Amboceptor 
1:4 and 1:8 with all antigens; Bacteriolysis 1 plus; Blood -alkalinity 1.0. 

Guinea-pig No. S24. Infected with 0.01 mgr. of virulent tubercle bncillt 
incubated for 24 hours with the above serum. Died after 67 days. Antopsy 
showed no cause; no tuberculosis. 
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Guinea-pig No. 55S. Coatrol. Infected with 0.01 mgr. of virulent tu- 
bercle bacilli inpubateil for 24 houri with norm&l serum. Died alter 55 
days. Autopsy: generaliied tuberculosis. 

Cask No, 4. Below "normal" weight Gained 15 pounds. 

Oct. S7, 191!. A. B,, female; 11 jearg old; father lias tuberculoBiB; 
appearance rather thin; weight 65 lbs.; temperature normal; pulse 38; 
both cervical and right aiillary groups of lymph-glands enlarged; lunga, 
slight percussion and ausculUition si^s iu right upper lobe bebw clavicle; 
V. Pirquet marked reaction. 

Oct. ST, mii. Berum examination: Agglutinins 1;S0; Precipitins 1:800; 
Amboceptor negative; Bacteriolysis negative; Opsonic Index O.S; Blood- 
alkalinity 1.0. 

Oct. 18, lOie. Serum examination: Agglutinins 1:20; Precipitins 1:200; 
Amboceptor negative; Opsonic Index 1.0; Blood- alkalinity 1.0. 

Ouinea-pig No. 377. Infected witli 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with the above scrum. Died nftar 107 (lays, of 
generalised tuberculosis {flbruus changes ore a marked feature). 

Xov. S, 19tt. Vaccine 2 mgr. Local reaction marked; temperature 100° 
Fahrenheit, 

April 17, 191J. Bcp Kami nation. Appoarnnee good; weight 80 lbs.; 
temperature normal ; pulse 83 ; cervical and axillary iymph-glands not 
palpable; lungs normal. 

Serum examination: Agglutinins 1:100; Precipitins 1:400; Amboceptor 
1:S with all antigeoa; Bacteriolysis 1^; Btood- alkalinity 1.2. 

Guinea-pig No. 560. Infected with 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with the above serum. Died after 95 days. Autopsy 
■honed no cause; no tuberculosis. 

Guinea-pig No. 559. Control. Infected with 0.01 mgr. of virulent tu- 
bercle bacilli incubated for 24 hours with normal salt solution. Died after 
125 Jays, of genoralized tuberculosis. 

BEEKAMTNED AFTER NINE MONTHS 

Case No. 5. "Normal" weight. Gained 314 pounds. 

March !S, lSt4. J. S., male; age 3 years; no known exposure; appear- 
ance good; weight 35!4 lbs.; temperature normal; pulse 90; lungs normal; 
lymph-glands not palpable; v. Pirquet positive, moderate reaction. 

Serum examination: Agglutinins 1:E0; Precipitins 1:200; Amboceptor 
negative; Bacteriolysis negative; Blood alkalinity 0.95. 

March IS, 19U. Guinea-pig No. 2354. Infected with O.OI mgr. of 
virulent tubercle bacilli incubateil for 24 hours with the above serum. 
Died after 45 days, of acute miliary tuberculosis. 

Guinea-pig No. 2355. Control. Infected with 0.01 mgr. of virulent tu- 
bercle bacilli incubated for 24 hours with normal salt solution. Died after 
45 days, of acute miliarjr tuberculosis. 

March W, 1914. Vaccine 1.5 mgr.; marked local reaction. 
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April 1, 19H. Serum eiaminatioD : AgglutioicB 1:60; Precipitins 1:400; 
Amboceptor 1:4 an<l 1:8 nitli aJl antigenn; BactorioljBis 1 plus; filood* 
alkaliiiitjr 1.2. 

April S, 1314. Guinea-pig No. 2358. Infected with 0.01 mgr. of viru- 
lent tubercle bacilli incubated tor 2i hours with the above Herum. Killed 
after 52 Anji; no tubeiculoais. 

Guinea-pig No. 2308. Control. Infected with 0.01 mgr. of virulent 
tubercle bacilli incubated for 24 hours with normal rabbit serum. Killed 
after 52 dajs; has generalii:ed tube rculo sis. 

Sept. 4, 1914. Reexamination: appcaranco good; weight 37'^ lbs.; 
temperature normal; luags normal; l;iaph-glands not palpable. 

Cabe No. 6. Below "normal" weight. Gained 32 pounds. 

Jvna 4, IBIS. E. T., female; age S jears; mother died of tuberculosis; 
lister has tuberculosis; appearance pale; weight 50 Iba.; temperature nor- 
mal; pulse 90; v. Pirquet marked reaction; lymph-glands, right cervical 
enlarged; lungs, doubtful ci re uni scribed area in right apex. 

June 4, WIS. Serum examination: Agglutinins 1:25; Precipitins 1:400; 
Amboceptor traces; Bacteriolyws trace; Blood -alkalinity 0,7, 

Guinea-pig No. 0O2B. Infected with 0.01 mgr. ot virulent tubercle 
bacilli incubated for 24 hours with the above serum. Died after 153 days. 
Autopsy: chronic tuberculosis; marked fibrosis. 

Ouinea-pig No. 60eB. Control. Infected with 0.01 mgr. of virulent 
tubercle bai^illi incubated for 24 hours with normal salt solution. Died 
after 56 days. Autopsy: acute miliary tuberculosis. 

June tl, ISIS. Vaccine 2 mgr.; local reaction marked; temperature 
09.5' Fahrenheit. 

Sept. i9, 1913. Reexamination: appearance good; weight 82 lbs,; sev- 
eral hard palpable glands, right cervical ; lungs negative. 

Sept. i9, 1913. Serum examination : Agglutinins 1 : 75 ; Precipitins 
1:200; Amboceptor 1:4 and 1:8 with all antigens; Bacteriolysis 2; Btood- 
alkalini^ 1.1. 

Guinea-pig No, 007, Infected with 0.01 mgr. of virulent tubercle bacilli 
ineubatod for 24 hours with the above serum; killed after 114 days; no 
tuberculosis. 

Guinea-pig No, 906. Control. Infected with 0.01 mgr. of virulent 
tubercle bacilli incubated for 24 hours with normal salt solution. Died 
aftor 112 days; generalized tuberculosis. 

March IS, 1914. Reexamination: appearance good; weight S2 lbs; no 
glands palpable; lunge normal. 

Serum examination: Agglutinins 1:100; Precipitins 1:400; Ambocep- 
tor 1:4 and 1:S with all antigens; Bacteriolysis 2; Blood-alkalinity 1.15. 

Guinea-pig No. 2287. Infected with 0.01 mgr. of virulent tubercle ba- 
eilli inenbated for 24 hours with the above serum. Died after 83 days, 
of maroBmus; no tuberculosis. 

Guinea-pig No. 2291. Control. Infected with 0,01 mgr, of virulent 
tubercle bacilli incubated for 24 hours with normul rabbit serum. Died 
After 38 daysj acute miliary tuberculosis. 
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Guinea-pig No. 2292. ControL Infected with 0.01 mgr. of virulent tu- 
bercle bacilli incubated for 24 hours with normal salt solution. Died after 
39 days; genuine and pseudo- tuberculosis. 

Rabbit No. 336. Infected with 0.01 mgr. of virulent bovine tubercle 
bacilli incubated for 24 hours with the above scrum. Killed after 71 
days; no tuberculosis. 

Rabbit No. 347. Control. Infected with 0.01 mgr. of virulent bovine 
tubercle bacilli incubated for 24 hours with normal rabbit serum. Killed 
after 71 days; generalized tuberculosis. 

Rabbit No. 348. Control. Infected with 0.01 mgr. of virulent bovine 
tubercle bacilli incubated for 24 hours with normal salt solution. Killed 
after 71 days; generalized tuberculosis. 

REEXAMINED AFTER TWELVE MONTHH 

Case No. 7. "Normal" weight. Gained 7 pounds. 

June 16, 1912, C. F., female; age 13 years; brother tuberculous, treated 
successfully three years ago; appearance good; weight 100 lbs.; tempera- 
ture normal; pulse 88; lungs, slight physical signs and retraction of right 
apex; no glands. 

Serum examination : Agglutinins 1:20; Precipitins 1:200; Amboceptor 
trace; Bacteriolysis negative; Blood-alkalinity 1.0. 

Guinea-pig No. 61. Infected with 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with the above serum. Died after 104 days; gen- 
eralized tuberenlosifl. 

June 19, 191t, Vaccine 4 mgr.; marked local reaction; temperature 
99.5** F.; nausea. 

June t4, 1912, Serum examination: Agglutinins 1:60; Precipitins 
1:400; Amboceptor 1:4 and 1:8 with all antigens; Bacteriolysis 3; Blood- 
alkalinity 1.15. 

Guinea-pig No. 67. Infected with 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with the above serum. Died after 86 days, of 
accident; no tuberculosis. 

Guinea-pig No. 73B. Control. Infected with 0.01 mgr. of virulent 
tubercle bacilli incubated for 24 hours with normal salt solution. Died 
after 73 days; generalized tuberculosis. 

June 4, 191S. Reexamination: appearance good; weight 107 lbs.; tem- 
perature normal; pulse 72; lungs, no change; no glands palpable. 

Serum examination: Agglutinins 1:100 plus; Precipitins 1:800; Ambo- 
ceptor 1:4 and 1:8 with all antigens; Bacteriolysis 2 plus; Blood-alka- 
linity 1.2; Tuberculin test negative. 

Casb No. 8. Below "normal" weight. Gained 14 pounds. 

Sept, 6, 191 1. D. E. S., female; age 3 years; father has tuberculosis; 
appearance poor; weight 20% lbs.; temperature normal; pulse normal; 
lungs normal; left axillary and both inguinal groups of lymph-glands 
enlarged; v. Pirquet moderate reaction. 
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Sept. 9, 1912. Serum examination ; Agglutinins l:ll)( Precipitins 
1:400; Amboceptor nogativc; Bacteriotjsis negative; Blood -alkalini^ 0.9. 

Guinea-pig No. 236. Infecteil with 0.01 mgr. of virulent tubercle ba- 
cilli incubated for 24 hours with the above sorum. Died afl«r 127 dara; 
generalized tuberculoBta. 

Vaccine 0.6 mgr.; moderate local reaction; temperature normal. 

Sept. 16, ISIS, Vaccine 1.0 mgr.; marked local reaction; temperatore 
99° Fahrenheit. 

Sept. 30, 191t. Serum examination: Agglutinins 1:100; Precipitins 
1:400; Amboceptor 1:8 with tubercle bacilli; Bacteriolfsie 2; Blood>alka- 
linitj- 1.1. 

Quinea-pig No, ST7A. Infected with 0.01 mgr. of virulent tubercle 
bacilli incubated for 24 hours with the above serum. Killed after 173 days; 
no tuberculoais. 

Guinea-pig No. 270. ControL Infected with 0.01 mgr. of virulent tu> 
bercle bacilli incubated for 24 hours with normal human seruin. Died after 
84 days; generalized tuberculosis. 

Aug. S6, 1913. Beeiamination : appearance good; weight 34% lbs.; 
lungs normal; one bard gland, pea-size, palpable in left axilla. 

HE^SAMINED AFTER TWO YEARS (ADULTS) 

Casi No. 9. Normal weight. Gained 3 pounds. 

Sept. to, 1911. Miu H. L.; age 19 years; tuberculosis in family; ap- 
pearance good; weight 130 lbs.; temperature normal; pulse 78; no glands; 
lungs, slight physical signs iu right upper lobe. 

Serum examination: Agglutinins 1:30; Precipitins 1:200; Amboceptor 
negative; Blood- alkalinity 0.9. 

Guinea-pig No. 248. Infected with 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with the above serum. Died after 38 days; Bcnte 
miliary tuberculosis. 

Ouinea-pig No. 247. Control. Infected with 0,01 mgr. of virulent 
tubercle bacilli incubated for 24 hours with normal guinea-pig scrum. 
Died after 35 days; acute miliary tuberculosis. 

Vaccine, 5 mgr.; marked local reaction; temperature 100° P.; focal 
reaction in right lung, 

Sept. tS, 1911. Reexamined. Serum examination: Agglutinins 1:S0; 
Precipitins 1:400; Amboceptor 1:8 with all antigens; Bacteriolysis 3; 
Blood-alkalinity 1.15. 

Guinea-pig No. 273. Infected with 0.01 mgr. of virulent tubercle ba- 
cilli incubated for 24 hours with the above serum. Killed after 305 daya; 
no tuberculosis. 

Guinea-pig No. 266. Control. Infected with 0,01 mgr. of virulent 
tubercle bacilli incubated for 24 hours with normal human serum. Died 
afteY 94 days; generalised tuberculosis. 

Oct. 1. 1914. Reexamination: in good health; weight 133 lbs.; lungs 
normal; no further record. 
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Case No. 10. Below normal weight. Gained 28 pounda.* 

MiflB H. M.; age 19 yean; father has tuberculosis; appearance, sallow 
color; thin; weight 98 lbs.; temperature 100° F.; pulse 108; lungs, phys- 
ical signs, right apex posteriorly; right cervicals, several enlarged glanda 

Serum examination: Agglutinins 1:15; Precipitins 1:200; Amboceptor 
traces; Bacteriolysis negative; Bloo<l-alkalinity 0.9. 

Sept, 10, 1911, Vaccine 5 mgr.; local and general reaction; focal reac- 
tion in right upper lobe. 

Sept, 18, 1911, Vaccine 10 mgr.; moderate local reaction. 

Sept. SO, 1911, Serum examination: Agglutinins 1:125; Precipitins 
1:200 Amboceptor 1:20; Bacteriolysis 2 plus; Blood-alkalinity 1.1. 

April li, 1913, Reexamination: appearance improved; weight 111 lbs.; 
lungs normal; one small hard gland, right cervical; temperature normal. 

Scrum examination: Agglutinins 1:150; Precipitins 1:400; Amboceptor 
1:4 and 1:8 with all antigens; Bacteriolysis 2; Blood-alkalinity 1.05. 

Guinea-pig No. 546. Infected with 0.01 mgr. of virulent tubercle bacilli 
incubated for 24 hours with the above scrum. Died after 194 days, of 
intestinal obstruction; no tuberculosis. 

Guinea-pig No. 553. Control. Infected with 0.01 mgr. of virulent tu- 
bercle bacilli ineubated for 24 hours with normal human serum. Died after 
137 days; generalized tuberculosis. 

Oct. 4, 19 IS, Reexamination: appearance good; weight 126 lbs.; lungs 
normal; one hard cervical gland. 

Oct. IIS, 1914, Reexamination: appearance good; weight 125 lbs.; lungs 
normal; cervical gland not found. 



ENLARGED LYMPH-GLANDS 

Comparatively few of the children who reacted positively to 
the vaccine did not also show enlargement of lymph-glands. 
Often these were small, and sometimes difficult to find, requir- 
ing careful palpation. The cervical groups were involved most 
frequently, appearing often in chains or groups; in a large 
number of instances the axillary or inguinal groups were en- 
larged likewise. It was not possible in our examinations to 
make the records so accurate as to enable us later to make 
perfectly reliable comparisons, nor is there any certainty that 
the glands were actually tuberculous, except in a small number 
of cases in which they became tender and enlarged after a 
dose of vaccine. We are thus able to consider statistically only 
those cases in which no enlarged glands could be found on 
reexamination, or those cases in which they were missed in 
certain groups, when they had been recorded as present on the 
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first examination, or again, when the record was sufiSciently 
explicit in regard to their size and number in a particular 
group. 

The importance which we attribute to tlie enlargement of 
lymph-gtands iu children, especially the cervical and axillary 
groups, in conjunction with other symptoms suggestive of tu- 
berculous infection, is not conceded generally. Landis'" says 
that, in childhood, all of the lymphoid tissue is in excess, and he 
justly criticizes the attempts of some observers to base a diag- 
noeis of tuberculosis on no other grounds than tlie one that tbc 
cervical lymph-nodes are palpable, lie heis found the super- 
ficial Ijinph-uodes readily palpable in practically all children 
from the second to the eleventh or twelfth year, irrespective 
of their social condition. 

Miller & Woodruff " conclude from the results of an examina- 
tion of 150 children of tuberculous parents that the evidence for 
enlargement of the cervical lymph-nodes, as a determining factor 
in the diagnosis of tuberculosis, is not conclusive. In any event, 
they assert, it does not seem to have an influence sufficiently 
consistent to make it of aid in the diagnosis of tuberculosis in 
a doubtful case. Wright " points out that it must not be taken 
for granted that all glandular enlargements, iu children who are 
likely to be .subject to tuberculosis, are necessarily tuberculous; 
they may be merely inflammatory or due to other causes. 
Osier" has observed, in the post-mortem room, enlargement of 
the cervical, axillary and inguinal glands, without evidence of 
tuberculosis. 

All this is very true, and we are far from asserting that every 
enlarged lymph-gland is tuberculous, or that it indicates tlie 
presence of active tuberculosis in a child, any more than a posi- 
tive V. Pirquet reaction does so. The significance of enlarged 
lymph-glands is not so much m the indication of actual, as 
rather of possible tuberculosis, in the indication of an infection 
with tubercle bacilli which may be latent, or may not even have 
produced any manifest tuberculous lesions, but which consti- 

"H. B. M. Lanoib; Therap. OaMttoi 1915, SXXIX, 77. 
"J. A. Miller it, [, O. Woohbuff; Io.; Ht. (p. 180). 

"O. A. WUQHT, in Ekltnack; Tuberculoris in Infnncjr and CbiMhood. 
New York, 1908, p. 160. 

"Wm. OstEK, in Kelynack; loc. cit., p. 18. 
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tutes the possible origin of later disease. In some feeding-ei- 
ptpriments wilh young giiinea-piga, Julius Bartel ''" found the 
infection to be followed by a period of latency, during whieli no 
specific histological tuberculous changes could be discovered, 
although tuberch' baciili were demonstrated in the lymph-glands. 
In the affected animals, the author observed emaciation, retarda- 
tion of growth, occasionally a swelling of lymph-glands, not 
characteristic of tubercle; in short, he found a symptom-complex 
such as it is frequently met with in children of tuberculous 
families, who are not Hubjccta of active tuberculosis, but who 
present induliilable signs of having experienced an infection 
with tubercle bacilli. If it is considered that in one of Bartel 'a 
guinea-pigs this latency of tubercle bacilli, with absence of his- 
lologically specific tuberculous changes, was observed to ob- 
tain 104 days after a single exposure to infection, and if the 
brief span of life of the guinea-pig is compared with the much 
longer one allotted to humans, the conclusion is justified that, 
even allowing for differences in the species-resistance to tubercle 
bacilli, of humans and of guinea-pigs, one must assume a 
stage of infection with tubercle bacilli, preceding manifest tu- 
berculous changes, in which the symptoms are general, not 
specifically tuberculous, and one must admit that this stage 
may !a.st for a considerable period of time. Such a conclusion 
is in full accord with the views of Petruschky and of Ham- 
burger, both of whom postulate a primary stage of tuberculosis, 
in analogy to the primary stage of syphilis, which they call 
the sta^t of lyviph-gland infection or involvement. This pri- 
mary stage cannot be diagnosed, in many eases, as one of actual 
tuberculous disease; but it is the stage during which prophylac- 
tic endeavor promises the best results, and during which pre- 
ventive vaccination should be done preferably. As Engel points 
out. while adults usually remain free from tuberculous disease 
after they have once overcome the first infection {"apex-focus"), 
children are not safe from dissemination of tuberculosis, no 
matter how small the tuberculous foci in their organs may be. 
The preHence of enlarged lymph-glands, therefore, usually per- 
mits, and even justifies the presumptive diagnosis of tuberculous 
infection if not of tuberculous disease, and consequently pre- 
sents an indiealion for protective immunization. 
"Jutros BiBTKL; Wien. klin. Woch. 1905, XV:iI, 155. 
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Our comparative results show that ten per cent of the childreu 
in whom enlarged lymph-glands had been found on first ex- 
amination had none after one month, and that this pereentage 
increased as the periods hetween vaccination and reexamination 
became longer. 

In 110 reexaminations made after from one month to and 
including four months, no apparent fhange was recorded in 
28, or 25.4 per cent ; there was a diminution of glands, in com- 
parison with previously involved groups or numbers, in 49. or 
44.5 per cent; and no glands were palpable in 33, or 30 per cent, 
of the cases. 

On reexaminations of children, made between five and eighteen 
months after vaccination, no change was found in the number 
or size of glands in 5, or 7.3 per cent; improvement had oc- 
curred in 28, or 41,1 per cent, and no glands were palpable in 35, 
or 51.1 per cent. For the subsequent periods, up to three and 
one-half years, there are 48 children, with improvement re- 
corded in 16, or 33.3 per cent, and disappearance of glands in 33, 
or 66.6 per cent of the number. Persisting enlargements were 
recorded frequently as being hard and shotty. 

It should be mentioned also that there was a distinct fall in 
the frequency with which enlarged lymph-glands were noted 
on first examinations, after the twelfth year, suggesting that 
in the younger cliildren in whom enlarged glands were found 
these would probably have disappeared spontaneously as the 
children grew older. This lower frequency of enlarged lymph- 
glands in older children can, in our opinion, not be used as 
an argument against any importance that might be attributable 
to enlargement of lymph-glands as a sign of infection with the 
tubercle bacillus. It must probably be referred to the gradual 
development of a specific resistance to an existing infection, 
by which this is overcome in the majority of cases, and which 
is usually associated with a local immunity. As long, however, 
as this local immunity is not developed, tubercle bacilli that 
may be present in enlarged lymph-glands are capable of deter- 
mining pathological processes in the event of exciting causes 
becoming active, and for this reason the importance of en- 
larged lymph-glands as a symptom of a probable infection should 
not he underrated. 

It must be assumed that a spontaneous diminution in en- 
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larged lymph-glands occurs in many cases in which the en- 
lai^ment constituted a tissue-reaction to infection with tubercle 
bacilli. Owing to favorable conditions of environment, the in- 
fection is prevented from progressing into disease, and if the 
tubercle bacilli in the lymph-glands are of slight virulence, or 
if they die and become disintegrated, their removal by absorp- 
tion does away with the irritation, so that a restitutio ad 
integrum becomes possible. This idea does not contradict the 
dominant views about phthisioerenesis; it is rather in their 
support. 

In summing up the results of our observations, we may say 
that the enlarged lymph-glands were found to have disap- 
peared, on reexamination, in approximately one-half of the 
cases in children, and that a distinct improvement was noted 
in a number of the others, although some of the glands were 
found to have persisted. They were then usually small and 
hard in consistency. The question of the tuberculous or non- 
tuberculous nature of the glands must, of course, be left open. 

The records of 34 adults show that, on first examination, there 
were only five who had enlarged lymph-glands, and none were 
found on reexaminations made after nine months and up to 
three and one-half years. 



PHYSICAL SIGNS IN THE CHEST 

Physical signs in the chest were recorded, on examination 
before vaccination, in 545 out of a total of 1618 cases, or in 
33.68 per cent, including all ages. Reexaminations could be 
made in 109 of these cases in the course of from one to forty- 
two months after vaccination. Our examination records being 
full and explicit, an exact comparison is possible, and we be- 
lieve that by adopting the classification used by Dr. Julian ^^ 
we can convey the results of our findings sufficiently without 
describing each case in detail. In explanation of our tabula- 
tion of the results, we may state that under ** stationary" we 
include all findings in which, on reexamination, there was no 
decided change apparent, either on percussion or on ausculta- 
tion, and that in a number of these cases the lesions found were 

"C. A. Julian; loc. cit. (p. 138). 
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of such a iiatiire that they had beea recorded as probably healed 
or obsolete on the first examination before vaceination. "Sta- 
tionary" therefore does not mean uon-iniprovement. Under 
"improved" we include all those cases in which the lung-area, 
which gave abnormal physical signs on the first examination, 
was markedly diminished in extent, the remaining physical signa 
showing retrogression in that the percussion and auscultatory 
signs suggested healing and fibrosis as taking place. As "clear" 
we designate cases in which the physical signs had disappeared 
entirely, and as "healed lesions" those in which only strictly 
circumscribed areas of retraction could be found on reexamina- 
tion, with a more or less short percussion- note and lack of 
vesicular quality. 

In connection with tlie physical signs found in the lungs of 
children, it appears from our records that the localization of 
these signs docs not differ from that which is found in adults; 
the physical signs were always found in the upper lobes and, 
as a rule, in the apices, the extension being seemingly down- 
ward. 

The frequency with which we found an involvement in the 
lungs of the children whom we examined, is contrary to the 
experience of Baner & Engel," who consider lymph-gland and 
bone and joint tuberculosis to be characteristic of the disease 
in childhood, and assert that lung involvement is much less 
frequent. Other authors, however, have come to conclusions like 
ours. According to R. A. Young,'* chronic pulmonary tubercu- 
losis is common after the age of six years, and its physical signs 
follow on similar lines to those of adults. Franz Hamburger" 
says that apes-lesions are frequently met with after the sixth 
or seventh year of life and that they heal almost always in 
young children; after the tenth year they develop occasionally 
into progressive chronic tuberculosis as it is seen in adults. 
Bandelier & Rcipke "^ call pulmonary tuberculosis fairly fre- 
quent in children over ten years of age, in whom it starts usually 

"Baueb & EtiOKL; TuberkuloN im Elndeaalter. WiirEburg, 1S09, 8. 263. 

"R. A. YouNO, in EeltnacK; Tuberculous in Infancy and CbiUhood. 
New York, 1908, p. 80. 

"Franz RAUBUROSt; AllgemeiDO Patholugie uikI DiegtiOBtlk <ler Kinder- 
tuberkulotc. Leipzig & Wien, 1910, 8. 91-92. 

-Ba.vdeubb &, RiiPKB: Iw. rit., 8. M^ (p. 152), 
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in the apices and extends downward. In smaller children, the 
lung involvement, is commonly secondary to bronchial gland 
tuberculosis and then appears first in the lower lobe: in fact, 
Bandelier & Ropke have often found the apices free from 
disease in these cames. 

The localization of the tuberculous lesions in the lungs is 
confirmed by autopsy results, and its great frequency was first 
pointed out by Kuess.*" More recently Emmett Holt" found 
in an analysis of 119 autopsies on tubcrculou^j children that 
the lungs were implicated in 99 per cent. In 1060 autopBiee on 
tuberculous children who died in hospitals in Vienna, H. 
Albrecht" found the lungs to be involved in all but seven, that 
is, in over 99 per cent. Ghoii '" reports on 170 cases of lung 
involvement in a total of 184 autopsies on tuberculous children- 

Clinically, our frequency of apex localization is confirmed by 
Fraser's*" examinations in 283 children which gave the fol- 
lowing results: 



Lesion 


No. 


Percent 




38 
13 

169 
52 

S 

6 

I 












Both apicoa and 
Left apex; one o 


ne or more foci elsewhere 


18.0 


Right apex; one 


3r moro foci elsewhere; aot at left 




Neither apex inv 











On tlie other hand, the lower lobes of the lungs were found 
implicated with greater freiiuency in infants in the examinations 
of 73 cases of pulmonary tuberculosis and of 36 cases of 
meningeal tuberculosis with lung involvement, in patients in 
the New York Babies' Hospital, which were reported by 

" Oboroes Kogss ; Be L 'H^r&lit^ parasitaire do la Tuberculoae EamAine. 
PaiiB, IS9S. 

"Emubtt Hoi^; Diseases of Infancj ami Childhood. New Tork, 4Ui 
«d., 1907, p. 1078; el. B. A. Todso, loe. dt. 

■H. Albbbcht: Wien. klin. Wocli. 1009, XXII, 337. 

"Antok Ouok; Dct PrimSre Lui)(cenlier<t bei de TuberkuloBo der Kin- 
der. Berlin & Wien, 1SI2. 

"Kbnnbth Frasbk; tor. cit. (p. 180). 
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La Petra'^ In these infants the location of the consolidations 
or of the cavities was anywhere from the apex to the lower lobe 
of either lung ; involvement of the right lung, especially the up- 
per and middle lobes, was twice as frequent as that of the left 
lung. In 35 cases the right, in 18 cases the left lung was affected. 
The localization of the consolidation is given in the following 
table: 



Lesion 



Apex 

Upp^lobe 

Middle lobe 

Lower lobe 

More than one lobe 



Right 


Left 


5 


3 


4 


5 


9 


• • 


13 


7 


7 


6 



Total 



8 

9 

9 

20 

13 



It has been shown that lesions which are apparently healed 
or fibrous can occur in very young children, and among our 
examinations two children were found who, at the age of two 
years, showed marked circumscribed subclavicular retraction 
on the right side, over which the percussion-note was distinctly 
short, with a harsh character of the inspiration. Both chil- 
dren were exposed to infection in the family, and reacted lo- 
cally to the vaccine; but stethoscopic examination failed to 
detect any focal reaction in the lung-areas mentioned. One 
was reexamined after three, and the other after six months 
without any change being discoverable in these physical signs; 
they were accordingly classed as ** stationary." 

In this connection the records of four other children appear 
to us to be of interest, their ages being four, six, seven and nine 
years respectively. In these children the lungs were found 
free from physical signs on first examination. All of them re- 
acted positively to the vaccine, the reactions being attended 
by slight fever in two, and all had shown remarkable general 
improvement when they were reexamined three, six, forty-two 
and forty-two months later, respectively. On reexamining these 
four children, physical signs were found, however, in the form of 
marked circumscribed retraction over which the percussion-note 
was now short and the vesicular quality of the respiration was 

■L. E. LaFetra; Trans. Washington Tuberculosis Congress. 1908, 
II, 361. 
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reptacul by a more or less harsh character. These signs had not 
bepu found on the occasion of the first examination, and no ex- 
amination had been made for the purpose of ascertaining the 
oceiirrenpe of foca! reactions after the children had received 
their doses of the vaccine. 

That tliese retractions correspond to what we believe to be 
and have recorded as healed lesions, we have reason to infer 
from other cases in which we found physical signs before vac- 
cination, which thereafter disappeared entirely, while at a later 
examination we noted the same changes. In ilhiatration of thia, 
we may refer to a ease examined June 2fi. 1911, before vaccina- 
tion, the record showing "marked physical signs in both lungs 
to 2nd rib anteriorly and spine of scapula posteriorly"; the 
details were shortness of percussion- note, more marked on the 
right side, with rough inspiration; prolonged expiration, espe- 
cially on right side posteriorly. On reexamination, March 2, 
1912, the record reads "no physical signs, except that the per- 
cussion-note is still slightly short over the right apex posteri- 
orly." Reexamination, April 25, 1914, gave the same record 
with the addition "slight subclavicular retraction, right side." 
Reexamination, April 18, 19115. same record with "retraction 
right side anteriorly marked, and slight retraction also on left 
side. Fercn.sB ion- note on right aide posteriorly, normal; over 
retracted areas short; respiratory sounds normal." 

Another case of interest, on account of the very rapid dis- 
appearance of physical signs after the intravenous adminis- 
tration of the vaccine, is that of Miss W. 0. J., age eighteen 
years, with physical signs marked on the right, and less marked 
on the opposite side. Temperature 99.4° F., pulse 96, no en- 
larged glands. Two small doses of vaccine (1 mgr. with tem- 
perature rise to 100° P., and eight days later, 2 mgr. without 
rise in temperature) were administered intravenously, after 
the first of which the patient had a marked focal reaction. On 
reexamination, seven days aft«r tlie second dose, absolutely 
nothing was found in the lungs; the patient had gained five 
pounds in weight during the fifteen days since receiving the 
first dose, and since then her temperature has remained normal. 

The interest in two other ca-ses lies in the satisfactory results 
from much smaller doses than those which we have given ordi- 
narily as single full doses: 
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Mrs. N. M., age about thirty years; referred to us on account 
of pulmonary tuberculosis, diagnosed by her home physician. 
Our examination showed physical signs marked in one lung, and 
slight in the other. The patient had never been strong and 
had, more recently, shown loss of appetite and of weight; her 
temperature was normal, she had no cough, no expectoration. 
She received 3 mgr. of vaccine, which was followed by local, 
general and focal reactions, after the subsidence of which we 
acceded to her request that she be permitted to return home 
temporarily, in order to arrange for a more prolonged stay 
and treatment in the institution. Iler return for this purpose 
was deferred on account of the continued general improvement 
which she experienced. This patient came back, however, about 
one year later for reexamination, and then no necessity for 
further treatment could be discovered, the physical signs which 
had been recorded previously having disappeared. Nothing 
abnormal was found except a circumscribed retraction on the 
right side subclavicularly, over which the percussion-note was 
short and the respiration faintly bronchial. She had gained 
twelve pounds, and stated that her health had never been so 
good in the past. 

V. B., girl, age ten years. Both lungs showed considerable 
involvement, more in the left than in the right. The left lung 
presented changes on percussion and auscultation, anteriorly 
to the third rib, posteriorly to the lower angle of the scapula, 
accompanied by moist and dry rales and rhonchi. 

This child was brought to us by a neighbor who knew little 
of her previous history, except that her mother had died of con- 
sumption. The girl herself apparently did not have sufficient 
interest or intelligence to answer related questions correctly. 
She seemed listless, was badly nourished, pale and sallow; her 
chest showed marked deformity and there was a well-defined 
spinal curvature. Temperature 100° F. ; pulse 96; respiration 
24; weight 47 lbs.; both cervical and the left axillary groups 
of lymph-glands were enlarged ; she had cough, and appeared 
to swallow her expectoration. 

To Dr. E. R. Stitt of the United States Navy Department, who 
examined the girl with us, her appearance suggested a com- 
plicating hookworm affection, and he expressed himself pessi- 
mistically as to the probable improvement of her lung affec- 
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tion, from trealmeiit with the vacciue. The child, however, re- 
ceived 1 mgr. of vaccine subcutaneously and, on her return on 
the following day, a well-marked local and general reaction was 
found ; we also discovered a focal reaction in the right upper 
lobe, the rales and rhonehi preventing a defiDite conclusion in 
this respect in the left hing. We then obtained a specimen of 
sputum, which contained tubercle bacilli. 

It was our intention to treat this gtrl by giving additional 
doses of vaccine; but she returned only once thereafter for a 
comparative serum teat. Our records show the following : 

May 1, 1913; before vaccination : 

A^lutinins 1 :10 ; Precipitins 1 :200 ; Specific Amboceptor 
negative; Bacteriolysis negative; Blood -alkalinity 0.85. 
May 6, 1913; five days after receiving 1 mgr. of vaccine : 

Agglutinins 1:60; Precipitins 1:100; Specific Amboceptor 
1.4 plus; Bacteriolysis 1 plus; Blood- alkalinity 1.0. 



Later attempts to find the child were unsuccessful ; the family 
had uioved. and she was lost from observatioD for the time 
being. 

In November. 1914, we succeeded in locating her and had 
then an opportunity for a reexamination, which showed a re- 
markable degree of improvement in all respects, which seemed 
to have been continuous. Her appearance was good, the pale, 
sallow color had disappeared; temperature was normal; pulse 
88; respiration 18; weight 52 pounds. She was bright and lively, 
had lost her cough and expectoration. The examination of the 
lungs showed slight percussion -changes limited to the apices; 
subclavicular retractions on both sides, over which the vesicular 
respiration was weaker, with a soft bronchial character on 
expiration. There were neither rales nor rhonehi in either lung, 
which appeared normal except as stated. Two reexaminations 
made since that time resulted in the same findings; the child's 
weight has increased further and was 60 pounds in May, 1915, 
that is, two years after our first record was made. 

Many more cases could be added which would prove of in- 
terest; in fact, there are few, if any, which lack in this respect 
when the results are considered which followed upon the ad- 
ministration of one or a few doses of vaccine. They appear to 
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US ample to justify our expenditure of time and effort, even 
though a comparatively large amount was necessary. In our 
opinion, these results should arouse and engage the interest 
of all students of the tuberculosis-problem, with a view of 
studying and of applying the method which has yielded them. 

We have certainly shown that the early manifestations of tu- 
berculosis-infection are frequent enough to justify a thorough 
search for cases similar to those that we have vaccinated; and 
they can be found in great numbers in tuberculous families. 
We believe that the physician who will search them out will 
find not only no opposition but, as was our experience, he will 
meet with cordial cooperation on the part of the parents and 
interested friends. No one would doubt that, if tuberculosis 
has actually been acquired, it is best to ascertain the fact posi- 
tively as early as possible, if for no other reason than for the 
purpose of instituting a routine of general hygiene, in order 
to afford nature the best opportunity for overcoming the disease. 
This she does in a large number of infected children, and often 
without appreciation on the part of anyone, because the exist- 
ence of the infection or disease is not known or is but barely 
suspected. 

We have again shown as others have done before us that, with 
a case of open tuberculosis in the family, young children living 
in the same home rarely, if ever, escape an infection, and there 
is ample evidence that, even without such constant and con- 
tinued exposure, most children have acquired an infection by 
the time they approach maturity. This being now conceded 
on every side and the present tuberculosis-mortality averag- 
ing only about fifteen per cent of all living, it is plain enough 
that the great majority of people escape the development of 
clinically manifest disease. It is then the minority, of about 
fifteen per cent, which we need to safeguard against the event 
of infection and disease, but although it is a minority, it still 
amounts to millions of persons even in our own country alone. 
We are thus thoroughly aware that the majority of the chil- 
dren whom we vaccinated might have remained free from actual 
disease, and we do not fail to appreciate that, as yet, there 
is no conclusive evidence, nor can there be any at this early 
date, that our intervention will surely protect our vaccinated 
children during the entire remainder of their lives. 
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The service wliich we have rendered consists, therefore, at 
least in an improvement of the pliyBieal condition in instances 
in which this had been below the normal standard. Having 
observed no serious relapses from tlie attained improved state 
of health in those whora we have had an opportunity of re- 
examining, we feel that, even if this were all that we accom- 
plished, it would certainly have been worth the while. 

Since these benefits have accrued from so simple a procedure 
as the adminislration of one or a few doses of vaeeine, which 
at the same time gave us the certain diagnostic information for 
which, in the very early stages, we must otherwise have recourse 
to the tuberculin test, we feel it our duty to continue our work 
and to urge the practical cooperation of the medical profes- 
sion, since the clinical evidence, as far as it is available at 
the present time, is sufficient to support our contention. This 
evidence must, in the end, form the crucial test and criterion 
of the merits of our method, when it is applied to tuberculous 
children. 

When we commenced our studies, no such clinical evidence 
was at hand. We beijeved that we knew that our Watery 
Extract of Tubercle Bacilli influenced the clinical course of 
tuberculosis directly and favorably, and that a like influence 
was obtainable from other similar preparations; but under our 
mode of its therapeutic administration theu, this was prolonged 
over periods of months and even longer. In our opinion, it 
would be futile to recommend a like course of prolonged prophy- 
lactic treatment for children who are not yet manifestly in need 
of it, because the advice to have it administei'ed would usu- 
ally be neither acceplnble nor followed."" What was needed 
was a rapid, simple and effective method, and we are convinced 
that we have found it, although by a very circuitous route which 
practically led us back to where we started in 1896, since ulti- 
mately we discovered that the Watery tixtract of Tubercle 
Bacilli, introduced by us in 1897. will do all that we can do 

** PetniHcltlcT 'n ein'cess in inilui'ing those interested to eubmit to a long 
And protractfil I'ourst^ of propliylnctic treatment, is no Dr(runiont against 
our iKisitiiin, boraiiM! Iiis reaulU cnnnnt be •luplicutcl i>naily iu tlie gen- 
oral population. Itoth lie and Kutsi-liiTa worked iu iKilaled com muni lies 
or institutions, and hnd tlierefnre loss difficult]' in eontinning tlieir tedious 
course of trentntent for the necesBary leuRtli of time than tiiey would fini] 
in cities or in country ilislricts among people at large. 
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with our present vaccine, provided it is given in sufficiently 
large doses. We had even tlien built better than we knew, and 
it would then have required only a suitable adjustment of the 
several constituents of the W'at(»ry Extract to perfect the 
preparation to the present standard of the Vaccine; but, 
above all, it would have required the courage to administer the 
Watery Extract in adequate doses. The lack of this courage, we 
believe, even now handicaps us somewhat, because we are still 
careful to reserve a full, single dose for a selected class of in- 
dividuals, in order to safeguard others as far as may be from 
severe and possibly harmful general reactions. This lack of 
courage was, and is, however, not peculiar or limited to our- 
selves; it was then, and is still, shared by the great majority 
of those physicians who are interested in the specific treatment 
of tuberculosis, even though we were told early and repeatedly 
by Professor Koch that the best results followed the adminis- 
tration of tuberculin, when the doses were large enough to cause 
decided reactions. One of us discussed this very feature with 
Koch personally at the time of his visit to this country, in 1908, 
and he still insisted upon the correctness of his position. 

Our experimental studies with the Watery Extract, to which 
we referred on p. 123, also misled us by our failure to obtain 
sufficiently uniform results in treating and protecting animals. 
At that time, however, we had no guide whatever for regulat- 
ing the administration of our remedy and, on going over these 
experiments, in the light of our present experience, we can only 
appreciate that the results then could not have been other than 
we found them, and that they would be the same again with 
our present vaccine under a like mode of procedure, because 
the animals were, as a rule, treated improperly, either with 
doses that were unduly small, or administered too frequently, 
or continued for insufficient periods of time; or then because 
they differed individually in responding to the treatment. Aside 
from these causes for failure, it is not possible, at the present 
time, to estimate to what extent our results were obscured by 
pseudo-tuberculosis which has hampered us so greatly during 
the last two years; and at that time it would have been more 
difficult to recognize the existence of one or two types of this 
affection ; in fact, its presence was not considered at all. 



CHAPTER VITI 

THE SPECIFIC TREATMENT OF PULMONARY 
TUBERCULOSIS 

Tiie apecilii^ treatmeut of tuberculosis has Iht object of pro- 
duc-iiig a bacteriolytic immunity agaiiist the tubercle itacillus, 
or of increaaing it where it exists, and also of stimutatiiig the 
circulation in the tuberculous lesions. These lesions differ not 
only in size, but also in their character which may vary from 
the earliest degenerative changes in the protoplasm of the tissue- 
cells to complete necrosis. In the open stage of tuberculosis 
the dcHtructive lesions are subjer't also to infection by other 
pathogenic bacteria ; various types of inHammation are apt to 
occur, locally and in more distant parts, tiiroiigh the aspiration 
of secretions ; and finally other complications often are present 
in non-tuberculous organs. 

Under these circumstances it cannot be expected that the 
action of specific remedies will be equally favorable in all cases ; 
on the contrary, the character of the lesions and the nature of 
existing complications must necessarily govern the clinical re- 
sults, and it is evident that their nature and extent may preclude 
any benefit from specific treatment, or that the removal of com- 
plications may be required before it is possible lo realize a 
favorable influence. 

It is therefore necessary to select the patients, for whom spe- 
cific treatment is taken into consideration, with reference to 
the pathological changes which are found, and to the action of 
the remedy which is to be employed. We are fully cognizant 
of the fact that the extent and nature of disease- processes, espe- 
cially of internal organs, as a rule cannot be determined with 
absolute certainty, and we are in sympathy with the humane 
altitude of giving all patients every possible chance, even if we 
may not be able to appraise it fully with the evidence before us; 
yet we believe that it is possible to recognize cases in which 
the nselessness of specific treatment is unquestionable from 
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the start. We hope that the detailed considerations which follow 
will aid some of our readers to a better understanding of the 
subject of specific therapy in tuberculosis, more particularly 
with reference to its possibilities and its limitations. 



THE SELECTION OF CASES 

The indiscriminate use of tuberculin, after its introduction 
in 1890, on all tuberculous patients, especially those who were 
in the advanced stage of phthisis, formed the chief reason for 
its early abandonment, because of the many failures and unto- 
ward results to which it led. The disappointment, which was 
experienced at that time, would probably not have been suf- 
fered if the employment of the remedy had been limited to 
those cases which Professor Koch had pointed out as suitable. 
With a better insight into the laws of immunity, and with in- 
creasing clinical experience in tuberculin therapy, its diagnostic 
and therapeutic value is now understood better. 

We have described the principles which govern us in the 
selection of those early-stage cases which we consider suitable 
for vaccination, on p. 142, and have shown that it is possible to 
avoid any danger that might arise from the administration of 
comparatively large doses by following a proper mode of pro- 
cedure. We are confident that the following further discussion 
of the subject will enable the general practitioner to adopt a 
safe course in the specific treatment of existing active and pro- 
gressive tuberculous disease, where this treatment is indicated, 
and to realize that the administration of the toxic products of 
tubercle bacilli is at least useless in some forms and phases, 
also that it is contra-indicated in certain cases, because larger 
doses may be productive of harm, while small ones cannot confer 
any benefit. 

We have tried to make it clear that vaccination with a single 
dose should be limited to cases in which the evolution of an 
existing infection either appears to have been checked at an 
early period or has not yet progressed sufficiently to cause 
marked evidence of disease. In cases in which the disease has 
advanced further and in which prolonged treatment is required, 
the selection of the patients for specific treatment is not quite 



210 IMMXJKIZATION AQAIK8T TUBEBCULOSIS 

so simple, be it with our proparatious or with otliers, and eliui- 
cal observers have arrived at widely dififering couctiisions in 
this respect. It is possible that some of the good results in 
more or less advanced, febrile cases, which have been attributed, 
in part or entirely, to specific treatment, raoy have coincided 
with a natural amelioration, the cause of which liad been over- 
looked; this may be the case, for instance, if a caseous abscess 
breaks into a bronchus, or if the absorption-fever diminishes 
or disappears when better drainage is established from secreting 
pulmonary cavities, or again if inHammatory complications sub- 
aide. However tliis may be, in common with other clinicians, 
we have made unusual observations in respect to striking clini- 
cal improvement under the administration of specific remedies, 
which could not he reproduced uniformly in other patients, al- 
though we could discover uo good reason to explain our excep- 
tional successes or our unforeseen failures. 

In a paper read recently by one of us before the Ohio Valley 
Medical Association, the writer took occasion to discuss a case 
of this kind, which had been reported to us by another physi- 
cian, with permission to use it for publication. Although the 
patient in question had presented signs and symptoms which 
are characteristic of the advanced, hectic type of phthisis, he 
had made a clinical recovery under specific treatment in the 
course of four months. Several months later death occurred 
from injuries received in an accident, and the autopsy confirmed 
the clinical result in all respetrts. In this case there was, how- 
ever, evidence that the acute symptoms and signs were probably 
due to a pneumonic complication, that the tuberculous disease 
was not as extensive as had been believed, and that it was lim- 
ited chiefly to the right upper lobe, which was the seat of a 
cavity that supplied the tubercle bacilli found in the sputum 
of the patient, together with many pneumococci. Assuming that 
this view corresponds with the facts, there is not anything mysteri- 
ous or even very remarkable in the clinical recovery from phthisis, 
or in the spontaneous recovery from the pneumonic complica- 
tion which had caused the active symptoms, both of which were 
shown on autopsy. 

This ease may be considered as having the value of an es- 
periment upon the human subject and is of importance since 
it is never possible during the life of a patient to determine 
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the existing pathological changes with absolute certainty. The 
best that can be done, therefore, is to bear in mind any unusual 
results or observations until an explanation is afforded by 
further experiences, either personal or on the part of other 
observers. 

While the course of tuberculosis under any method of treat- 
ment can never be foretold with certainty, except perhaps in 
those very early cases that are suitable for vaccination with one 
or a few doses, it is possible, by proper examination and study, 
at least to exclude certain cases which are clearly unsuitable for 
specific treatment, and to select others in which a trial is justi- 
fiable or will become so after the removal of existing complica- 
tions; whereas, in still others a reasonable assurance of benefit 
is afforded and important aid may be expected from this treat- 
ment in securing the arrestment and, ultimately, the clinical 
cure of the disease. 

In attempting to aid other physicians in the proper selection 
of clinical cases that may be found eligible for specific treat- 
ment, we must of necessity be governed by our personal experi- 
ences. What we shall say applies, however, not only to our vac- 
cine or the Watery Extract of Tubercle Bacilli, but also to all 
other preparations of this class, whether these be the old tu- 
berculin of Koch or another tuberculin, or an emulsion of 
tubercle bacilli. 

In the light of our personal experiences, specific treatment 
is to be withheld in acute generalized miliary tuberculosis, in 
all acute or rapidly progressive cases of phthisis, and during 
acute complications whether these be of tuberculous or of other 
origin. If acute processes of any sort intervene in cases under 
specific treatment, this should be suspended until after they 
have subsided. We exclude therefore from specific treatment, for 
the time being, all febrile cases of phthisis and of other forms 
of tuberculosis in which we believe that products from breaking- 
down lesions are being absorbed into the circulation in large 
amounts. Our reason for this is based upon the fact that, on 
making critical examinations in such cases, we have usually been 
able to find tubercle bacilli in the circulating blood, or we suc- 
ceeded in demonstrating specific toxins in the blood-serum by 
testing it against an immune serum the antibody-titer of which 
had been determined previously. Apart from these laboratory 
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dcmoastrationg, these cases can be recognized clinically by physi- 
cal examination and by an analysis of the coexisting sjTnptoms, 
especially the fever. It is not necessarily a condition that a 
patient should have been ill for a long time, or that he be greatly 
exhausted or emaciated; the active process may be quite recent 
and it may subside again. For the time being the patient is 
certainly not in need of more specific toxins in the form of a 
tuberculin or of a specific vaccine. Our therapeutic problem is 
rather to limit their further access into the circulation, if it 
cannot be arrested entirely. We therefore place the patient in 
a condition of absolute rest; we try by dietetic and hygienic 
measures lo conserve his nutrition and strength as far as pos- 
sible, and to overcome troublesome symptoms with other appro- 
priate remedies. 

If the area which is undergoing destructive changes shows no 
signs of delimitation for several weeks after aueh sj-mptomatic 
management, if the destructive process appears to be confined 
to a portion of one lung, and if there is no decided improve- 
ment in s^'mptoms, it will be proper, in the absence of contra- 
indications, to consider an artificial pneumothorax, with the 
prospect of limiting the absorption or of arresting it entirely. 

Acute destructive processes sometimes occur in multiple foci 
and may then belong to the terminal stage of caseous pneu- 
monia, or they may coexist with older cavernous and tibrocaseoiis 
processes which are located in the same, and ofteuer in the 
opposite lung. 

In patients who present less acute symptoms, but who still 
have daily rises of temperature, exceeding 1()0.5° F., it may 
be more difficult to find the destructive lesion, especially if the 
physical examination and the study of the case are not ex- 
haustive. A caseous focus may be in the course of softening 
and. for the time being, no sign of localized rales or of moisture 
may be audible during ordinary respiration, the signs that are 
found belonging either to the closed early stage or to older 
changes, with or without evidence of a cavity. If the examiner 
has made it an invariable rule, as we have done many years 
ago, never lo consider a case to have been investigated suffi- 
ciently until a reasonable explanation has been found for all 
objective findings and for all subjective symptoms, he will re- 
examine the chest more critically if possible, in order to ascer- 
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tain whether caseous softening is actually and alone responsible 
for the fever. He may then discover an area over which, dur- 
ing deep and rapid inspiration, or after coughing, auscultation 
betrays the impending excavation by at least a few moist crepi- 
tations or by a mucous click, strictly limited to a certain area, 
and as a rule situated in an upper lobe; even if this is not 
the case, it will be advisable to wait and try again, and in the 
meanwhile to make a search in other directions. At all events, 
in our judgment it is best to withhold specific treatment, to 
make use of the benefits of more or less complete rest, and to 
treat the non-tuberculous complications if any are found. 

In instances like those here considered, the actual conditions 
may of course remain in doubt. If the signs are slight and not 
strictly circumscribed, they are not necessarily due to caseous 
softening, and the cause of the fever may remain obscure, at 
least for a time. Whether or not it is advisable to make a trial 
of specific treatment in such a patient, depends upon other 
associated physical signs, and upon the character of the asso- 
ciated S3rmptoms. 

Summing up the contra-indications for the administration of 
specific remedies in tuberculosis, we may lay it down as a 
general rule that we exclude all patients who have daily tem- 
perature-rises to 100.5° F. or over, until we are reasonably 
assured that the fever does not depend, at least in part, upon 
the absorption of products of disintegration from breaking-down 
caseous foci. We also bar patients who have non-tuberculous 
febrile complications, including the so-called mixed infections 
which may be deemed responsible for the existing fever, until 
we have reduced it by appropriate treatment, including the 
administration of autogenous vaccines in cases of mixed infec- 
tion. We further exclude all patients the results of whose ex- 
aminations indicate no reasonable prospect that material im- 
provement would follow, on account of the extent and nature 
of the destructive processes, of irremovable complications, or 
of general emaciation and exhaustion. 

The relation of the fever to a progressive eruption of new 
tubercles has to be considered if a lack of normal vesicular 
respiration is found over areas that are peripheral to older 
lesions, or in the opposite lung, and if the inspiratory sounds 
are decidedly rough, coarse vesicular, without distinct rales. 
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or perhaps giving only a snggestton of moisture by conveying 
a sense of stickinpss. Very fine crejiitation may be appreciable 
toward the end of inspiration or on coughing. The temperature 
may reach 100.5° F. or over if a iarger area is the seat of form- 
ing tubercle. In such a case active immunization will be of 
benefit. 

Having eliminated other causes, including peri- and endo- 
carditis, subacute or chronic colitis, fecal impaction, peritonitis, 
etc., in a patient whose physical examination does not warrant 
the view that caseous softening is in progress, who is not yet 
seriously emaciated or exhausted, and in whose case improve- 
ment might reasonably be looked for, were it not for the fever, 
we feel justified in resorting to specific treatment. In this event 
it will, however, not do to depend upon extremely minute doses, 
but it will be preferable to start, as in other less obscure cases, 
with at least one-half or oven with the full usual initial dose 
and follow the ordinary mode of increase, controlling each dose 
by comparative observations for focal reactions in the siw- 
pected and in other lung-areas, while attention is paid to the 
other clinical symptoms at the same time. Under sueh a mode 
of procedure we are not likely to do harm, and numerous in- 
stances could be cited from our records in which the fever sub- 
sided, sometimes abruptly, in connection with a marked general 
and focal reaction, or more slowly without it as the treatment 
was continued. 

Other doubtful cases present tberaselves in which trials are 
justifiable, and mention may be made of chronic cases of phthisis 
without marked fever or without any fever, but often charac- 
terized by insufficient nutrition and strength, although the pa- 
tient may take a sufiicicnt amount of food. When the lack 
of nutrition and as.similatioD is not accounted for in these cases 
by existing digestive complications, or by a greatly reduced 
respiratory capacity, which may result from extensive bilateral 
disea.se through fibrosis, pleural adhesions, etc., a trial of spe- 
cific treatment is permissible on the supposition that the loss 
of weight and strength is referable to a specific toxemia ; in these 
cas&s the expectation of improvement is often justified by the 
events. In slill other more or less advanced ca-ses the fever may 
be due to an associated infection without any material change 
or increase in physical signs, which perhaps indicate chronic 
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interstitial pneumonic changes. If we succeed in recognizing the 
related bacteria or in including them in the culture which is 
made from the sputum of the patient, it will yield to an auto- 
genous vaccine, and then the specific treatment of the tubercu- 
lous processes may be attempted with better prospects of 
success. 

In regard to the question in what class of cases specific treat- 
ment is properly added to our other methods, it is possible to 
be more concise and to state that all cases are suitable for this 
form of treatment that have not reached the open stage and in 
which this stage is not impending ; also all cases that have open 
lesions which are not progressive or rapidly extending, which are 
draining or have ceased to secrete and in which acute or sub- 
acute inflammatory complications are absent. In all these cases 
fever is intermittent in type, if it is present at all, and does not 
usually exceed 100.5° Fahrenheit. 

By open lesions we understand tuberculous excavations, ab- 
scesses, ulcerations, which communicate ^ directly or indirectly 
with the exterior. We therefore assume an open tuberculous 
lesion to exist, even though it cannot be demonstrated or located, 
if tubercle bacilli are present in the secretions and excretions, 
or if they appear in the blood. We infer the existence of an 
impending open lesion upon the same or on similar evidence as 
that which indicates a closed or forming abscess or one in which 
secretions are retained, regardless of its nature and origin, for 
the diagnosis of which in internal organs we are guided by the 
results of physical examination and by reference to existing 
symptoms. We consider an open lesion to be non-progressive, 
or not rapidly progressive, when the signs of cavity, abscess, 
or ulceration show no evidence of an increase in size on re- 
peated examinations made several weeks apart, and we assume 
that adequate drainage has been established if no fever is pres- 
ent or if it is slight and does not show frequent or marked 
increases or other signs of retained secretions. 

* * * * * 

A review of the correlated physical signs and symptoms, which 
require attention in the selection of cases for specific treatment, 
may elucidate our position further in regard to the therapeutic 
administration of products of the tubercle bacillus. 

Destructive changes in tuberculous tissue are necessarily 
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preceded by necrosis and caseation, which is the most common 
destiny of tubercle, unless the infection is resisted specifically or 
lacks in virulence. If the virulence ia primarily slight, or if it 
is reduced by the activation of a specific resistance, the reac- 
tion of the tissue-cells to the tubercle bacillus and to its secre- 
tions may prevent caseation or retard it ; in the former case no 
clinical symptoms of disease appear, and in the latter event 
the tissue- reaction leads to more or less organization and encap- 
sulation, in consequence of which the symptoms are correspond- 
ingly alight and obscure. After the existing symptoms have 
attracted sufficient attention to induce the patient to seek medi- 
cal aid, small caseous foci or larger caseous areas may be sup- 
posed to exist in most cases of tuberculous disease. These case- 
ous foci often remain stationary for long periods, undergoing no 
changes that can be discovered clinically ; but they are apt to 
increase in number or to coalesce with adjacent tubercles and 
other caseous foci, and it is in this manner that the larger fibro- 
caseons nodules and masses are formed which are characteristic 
of chronic tuberculosis of the lung, whereas, without caseation 
or recent tubercles, the final anatomical changes are those of 
fibrous thickening and of shrinking, and constitute spontaneous 
healing. Patients whose lungs present such purely tibrous 
lesions arc not apt to have sj'mptoms which cause them to 
i-onsult a physician, and are examined only by accident, perhaps 
after having sought the advice of a physician for an unrelated 
ailment, during examination for life insurance, or on some simi- 
lar accidental occasion. On physical examination one finds a 
decidedly dull or practically flat percussion -note, and bronchial 
respiration that ia free from rales. If the area is large enough 
and does not contain normal or emphysematous lobules, the 
respiration lacks all vestctUar quality; marked retractions are 
noted, which correspond with the location of these physical 
signs. 

Fibroeaseous foci and infiltrations, in which the percussion- 
note is relatively dull, cause no such marked retractions; they 
are often surrounded by or have scattered through them more 
or less air-containing tissue which may be the seat of more re- 
cent tubercles. The respiration is usually of a broncho- vesicular 
type ; often the inspiration is sharp rather than harsh or bron 
ehial ; and some catarrhal signs may he present ; the temperature 
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is usually normal, or it is elevated slightly, rarely over one 
degree Fahrenheit, unless destructive lesions are present else- 
where or the fibrocaseous lesions are beginning to break down. 

The signs and symptoms of caseous softening are not always 
sufficiently distinctive in their onset to make it possible to dif- 
ferentiate and recognize them easily, and it is often only by 
weighing all obtainable evidence or by repeated reexamination 
that an approximately correct ^jonclusion can be arrived at. 

In cases that are apparently still in the so-called closed stage, 
the first evidence which should arouse suspicion of the onset 
of destructive changes is the appearance or the increase of fever. 
The presence of fever does not indicate of itself whether the 
absorbed product comes from a caseous focus which is soften- 
ing, or from a locality where an eruption of new tubercles is 
taking place. It may also be due to the activity of other bac- 
teria which give rise to non-tuberculous complications within 
or outside the organ which is believed to be the seat of tubercu- 
lous disease. Although the type of the fever affords a clue, 
other symptoms and signs must be taken into account as w^U. 
The first step naturally would be an effort to exclude other 
than tuberculous changes : for instance, acute or catarrhal affec- 
tions of the air-passages or gastro-intestinal disturbances which 
have developed or increased. Our inquiry is the more likely 
to elicit the related cause promptly if the patient is already 
under our care and if we have complete records; in the case 
of a first consultation, we must depend in part upon the infor- 
mation which the patient himself can supply, and this may be 
misleading. After the consideration of all possible non- 
tuberculous causes, the tuberculous factors in the production of 
fever will require investigation. The early physical signs and 
the symptoms which they produce have been discussed in the 
consideration of the selection of cases for vaccination. If in 
more advanced cases, the examination of both lungs shows the 
abnormal area or areas to be circumscribed, if they are free 
from rales, rhonchi or lesser signs of moisture, if these signs 
cannot be obtained on deep inspiration or on coughing, the con- 
clusion is justified that no evidence exists of caseous softening 
or of impending excavation. 

When the temperature is intermittent in type and does not 
materially exceed 100.5° P., the possibility of progressive erup- 
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tion of tubercles is next to be thought of. Such an eruption 
may account for the fever if, adjacent to apparently older 
lesions, over which the physical signs are marked, more recent 
areas are found over which a practically normal or but slightly 
short percussion-note is elicited, while, on auscultation, only 
rough, coarse vesicular inspiration is noted, which has no bron- 
chial element and is free from rales or is ebaracterized only 
by giving an impression of stickiness. An extension of tubercle- 
formation becomes more probable, if the transition is not well 
defined from an area of marked physical signs to one where 
the respiration is of normal soft vesicular quality, if the signs 
diminish gradually and if, ou receding from the supposed older 
lesion, the percussion-note becomes norma!, while abnormal aus- 
cultatory signs are still manifest. If no recent tubercle- 
formation can be assumed, it is probable that caseous tubercles 
or fibrocaseous foci are responsible for the fever, and that spe- 
cific baeillary products are being absorbed from thcra. 

It is to be remarked further that caseous softening may be 
in progress in the older lesions, and that new tubercles may be 
forming in the periphery. This is not at alt uncommon; it ia 
the borderland that lies between the area of well-marked physical 
signs and the normal lung in which the tubercle- format ion is 
likely to be comparatively recent. 

Occasionally, however, we are surprised by finding the cause 
of the fever in dbtant tuberculous or non-tuberculous compli- 
cations, where they have least been expected ; we remember 
numerous instances of this kind in which the existence of genital 
and other pelvic di-seases. perirectal ah.scpss, fecal impaction, 
chronic appendicitis, etc., accounted for it. If, even after elimi- 
nating such distant causes and after going over the entire 
ground repeatedly, the origin of the fever .still remains obscure, 
it is proper to make a trial with specifie treatment. Sometimes 
it happens that the fever subsides while we remain uncei'tain, 
or that the appearance of other symptoms points the way. In 
other instances the apparently negative results of our previous 
examinations become less so, and eventually they become decid- 
edly positive. If softening is actually in progress, it.s location 
betrays itself in most instances by the advent of more definite 
physical signs, chietiy rales and rhonchi of smaller size. These 
catarrhal signs extend to the adjacent tissue, and then the fever 
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is apt to increase ; it does not subside even if the patient is kept 
at rest in bed, or it does so only in a slight degree. 

If the catarrhal manifestations are looked upon as an evidence 
of a continued focal reaction in response to the local effect of 
bacterial toxins which are diffused from a softened center, their 
disappearance may be interpreted to mean that the softened 
focus has discharged outwardly; or, if it is very small, that it 
has become exhausted by absorption or has become encapsulated 
more firmly. On the other hand, an extension of the catarrhal 
signs is not in itself to be taken as signifying that the lung-area 
which is breaking down is becoming larger. It may even happen 
that catarrhal signs appear in the opposite lung, if this is also 
the seat of tubercles, because these lesions may take part in 
the spontaneous focal reaction to bacterial products which have 
been absorbed and have reached the general circulation. We 
mention this for the information of those physicians who have 
not often been in a position to watch these local manifestations 
and to observe their progress, and who are therefore likely to 
apprehend that extensive excavation is taking place on both 
sides, until they are relieved of their fear after the pent-up mate- 
rial has found an outlet and free drainage is established. The 
distant catarrhal signs then disappear, and ultimately only one 
small cavity may be discoverable, which may be so small that 
cavity-signs are not very definite or typical, and never be- 
come so. 

We recollect cases, however, in which no change took place 
in the existing physical signs, and oue particular case in which 
the period of uncertainty continued for over one month, with- 
out cough or expectoration. In this patient the fever-period 
terminated with a copious hemoptysis and with the establish- 
ment of free expectoration in which tubercle bacilli were found 
in great abundance without the association of other bacteria. 
A cavity could be demonstrated at the site of the suspected 
lesion on examination about one week after its perforation into 
a bronchus. In this case the temperature had gradually in- 
creased to 102° F. ; for several days the onset of the fever had 
been accompanied by a moderate chill, the subsidence of which 
was followed by a night-sweat. All these symptoms disappeared 
with the evacuation of the cavity. 

It has been mentioned that the type and the course of the 
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fever may aid in arriving at a conclusion in regard to the nature 
of the loeai changes in the tuberculous lesions. As a rule, the 
fever is intermitteut, the rises lake place slowly, often late in 
the day, and an approximately normal temperature is reached 
in the evening. While this in the case also in slighter febrile 
manifestations which have no relation to caseation, in the con- 
ditions under discussion the fever is apt to be liighcr and to 
exceed 100° Fahrenheit. If it can claim any characteristic fea- 
tures at all, these may be found in its persistency and in its 
tendency to increase slowly and to appear earlier in the day; 
also in the fact that it does not yield to rest, even if thJa is 
absolute, that its onset often is accoiapanied by a slight or more 
decided sense of chilliness, and that the temperature is fre- 
quently subnormal in the morning. 

In the closed stage cough is not a prominent feature unless 
active symptoms of caseous softening have been initiated by 
acute inflammations like influenza, pneumonia or bronchitis, 
which frequently act as exciting causes. In such eases the cougb, 
which attends the acute affection, usually improves after a time, 
as do also the more diffused catarrhal signs for which the inci- 
dental pulmonary affection was responsible. The physical signs, 
which were present at first perhaps in both lungs, disappear 
gradually; they become limited to the tuberculous changes and 
are most marked in the area which is the seat of the softening 
and where the catarrhal signs persist. During this time the 
sputum is free from tubercle bacilli, but it shows other micro- 
organisms, some of which are likely to stand in relation to the 
acute complication. If cough persists, it is usually slight, 
perhaps only a hacking, but reflexes from the involved bronchi 
or from pressure may cause more or less severe paroxysms of 
coughing in exceptional cases. 

Certain symptoms of pleural irritation may also be of aid in 
reaching a correct conclusion as to the presence or absence of 
caseous softening. Although they are the same, or are similar 
to those which are observed in afebrile patients in connection 
with healing and fibrosis especially in the apices, in the tatter 
case they are usually associated with marked supraclavicular 
retractions corresponding to the seat of a dry or shrinking cavity 
or of a more diffuse fibrous area, whereas such retractions are 
not apt to be present over the seat of an impending excavation. 
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at least not in so marked a de^ee. The patients speak of a sense 
of pressure, of dull aching or discomfort which corresponds 
more or less definitely to the lung-area under suspicion, or 
which is referred to the corresponding shoulder. In the case 
of impending excavation, however, when the pleura is not yet 
bound down firmly by organized adhesions, more marked signs 
of dry pleurisy may be manifested by crepitation, the pleural 
origin of which is suggested by their evident nearness to the 
surface, and by the observation that they are apt to Hisappear 
after a few rapid inspirations. Acute stitch-like pain or dis- 
tinct friction may at times be elicited on deep inspiration and 
are indicative of subpleural changes in the lung. Instances are 
not infrequent in which pleural pain and signs occur in con- 
nection with caseous softening and are the first to attract atten- 
tion. They are not necessarily confined to the locality where 
tissue-destruction is in progress and need not correspond with 
it, but may be located in the base of the pleural sac when the 
related changes are higher up or in the apex, and they may 
be attended by exudation. An acute pleurisy, with or without 
exudation, often originates in this manner without apparent 
cause, and the latter is likely to remain unrecognized in cases 
in which there had been no opportunity for making a careful 
examination of the upper part of the chest before the exudate 
has reached an amount which interferes with it. 

It is necessary to bear in mind that, in this stage, the fever 
must differ in degree, accordingly as softening occurs in one or 
in multiple foci, according to the extent of the involved area, 
and to the state of the peripheral tissue as it permits or retards 
absorption. The physician must be prepared to meet cases in 
which little or no absorption takes place, on account of fibrous 
changes or because the afferent lymph-paths are blocked, and 
in this event the temperature is influenced but little or not 
at all. He can then better appreciate a clinical history which 
fails to make reference to previous symptoms that may account 
for the presence of an old secreting or even dry cavity which 
he finds on a first physical examination, the patient having 
accepted the attending cough and expectoration as being due 
to cold. On the other hand, existing symptoms may increase 
rapidly; the temperature may assume a severe hectic type and 
the patient die of exhaustion, especially when many small foci 



222 IMMUNIZATION AGAINST TUBERCULOSIS 

break dowu and open into small bronchi that are cosily ob- 
stmeted and afford little or no drainage. Dry or exudative 
pleurisy occurs frequently iu sucb cases, and we have even seen 
pneumothorax following tlie perforation of the pleura frc 
a small necrotic focus underneath. If cases of this kind come 
to autopsy, larger lung-areas or entire lobes are found riddled 
with small caseous foci in various stages of softening; somi- 
of them barely visible; larger ones, the size of a pea or bean or 
exceeding it, interspersed in the parenchyma which is in a state 
of reactive iiiHammation, while the bronchioles and the smalU-r 
bronchi are blocked with caseous detritus and mucus. 

Not all destructive processes in the tubercidous lung take place 
in such a manner that the caseous softening at first gives rise 
to a larger or smaller tuberculous abscess which then perforates 
into a bronchus of larger caliber and leaves a pulmonary cavity, 
or which, without discharging itself, becomes walled off further 
by a fibrous capsule within which the softened detritus becom&'j 
inspissated, with or without the deposition of calcareous or cre- 
taceous material. 

Tuberculous ulcerations may occur primarily in the mucosa 
of larger or smaller bronchi. It is particularly at the junction 
of the terminal bronchi with the alveoli that tubercles may form, 
caseate and break dowu very early and result in minute lesions 
which are in communication with the bronchial system almost 
from the beginning. From the ends of terminal bronchi, the 
infundibula and alveolar spaces become speedily implicated, 
and the formation of tubercles and caseation may progress by 
continuity in an outward direction to the small bronchi from 
which they branch off. Thus one or several lobules may be de- 
stroyed ; as their contents pass outward, the infection extends 
to adjacent lobules, the secreting ulcer becomes larger and con- 
stitutes a small cavity. Unless these changes are near the .sur 
face of the lung, physical signs may not be present before the 
appearance of slight cough, or even before the occurrence of a 
so-called initial hemoptysis, or before tubercle bacilli have been 
demonstrable in the scant secretions from larger bronchi into 
which the discharges from the minute foci have gained entrance. 
If the destructive processes originate in this manner, fever may 
be slight or absent, or it supervenes temporarily when the small 
bronchial communication is obstructed by swelling or by secre- 



PULMOXARY TUBERCULOSIS 223 

tion; but, inasmuch as cough ami bacillary cxpi'i'toratiou occur 
very early, these cases are not so perplexing to the examiner, 
as concerns diagnosis, although he may not discover and 1o<'ate 
the existing leauon immediately by the physical signs; they re- 
sp<Hid, however, to specific treatment in a very satisfactory 
manner. 

In the examination of phthisical patients, the diagnosis its4*lt' 
does not often present serious difficulties even to those who have 
little practicad experience, unless it is in instances in which the 
active disease is arrested to that degree that cough and expecto- 
ration are but slight or have disappeared, at least for the time 
being. When no sputum is available or when it is only ca- 
tarrhal and free from tubercle bacilli, the result of the examina- 
tion of the lung may leave a doubt concerning the origin of 
the physical signs which persist; but even when their tubercu- 
lous origin is unmistakable, the question may arise whether 
additional treatment or other precautionar>' measures are re- 
quired. In all these cases our remarks on the diagnosis of the 
closed stage apply; in others, the examination is made not so 
much for the purpose of actual diagnosis, as rather for that 
of prognosis, with reference to the therapeutic resources which 
are at our command. 

In ordinary cases of phthisis, the examination has the object 
of taking an inventory of the patient's disabilities, as they are 
represented by the tuberculous processes and by the complica- 
tions that are found in the lungs and in other organs, and of 
their nature, extent and apparent activity, on the one hand : 
and, on the other hand, of the natural resources which he may 
still possess and which may be made fully effective under our 
guidance and with such aid as we may be able to give by more 
direct therapeutic measures. Such an inventory Is afforded by 
the recorded results of our examination. The more compre- 
hensive and searching our inquiry has been, and the more ex- 
perience we have had in checking up the supposed balances by 
previoas observations in other cases, the more apt are we in 
individual cases to arrive at a correct estimate of the future 
course of the disease. 

It is therefore necessary to make the inventory as complete 
as possible, so that nothing may be omitted which can influence 
the balance, and this demands not only the ability to recognize 



the physical signs and symptoms of tuberculosis, but also tbe 
faculty to iutorpret them and to appraisii their direct aod in- 
direct intlupnce npon the course of the local disease, as well as 
upon other organs and other functions, in the light of the teach- 
ings of pathological physiology. 

Coexisting n on -tuberculous complications likewise require 
painstaking analysis, especially in relation to their origin, since 
they may prove not to represent independent affections but 
rather secondary effects of the tuberculous disease itself. On the 
other hand, an independent disease may exert its eiteet directly 
or indirectly upon the latter. Finally, the patient's presumable 
personal conduct and cooperation constitute an important item 
in the inventory, because they may contribute to the final result, 
as failures on his part may have done already in favoring the 
advance of his disease to the stage in which we find it on 
examination. 

It will therefore be seen that numerous factors must govern us 
in the selection of eases for successful treatment, whether tliis 
be speeific or general, and that, with their increase, we may err 
in the conclusions based upon our analysis, altliough we follow 
the rule to study all evidence exhaustively, and although wt> 
endeavor to find at least a reasonable explanation for everj' 
symptom and sign in each particular case. The experience 
necessary to enable the physician to do this to the best advan- 
tage is always individual ; it cannot be acquired from purely 
theoretical studies, but needs actual practise in the consultation- 
i-oom and at the bedside, as well as the opportunity of checking 
practical observations in autopsies. Such experience, coupled 
with a keen interest and desire to ascertain the truth as far 
as it may he obtainable in our present stage of knowledge, brings 
the desired prognostic ability. Previous practical training un- 
der experienced guidance enables the student to develop his 
diagnostic and prognostic acumen sooner than vrill be the case 
if he is obliged to depend solely upon his personal study and 
upon the aid afforded by general and special textbooks and 
monographs. 
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THE RELATION OF TOXEMIA TO THE SYMPTOMS OP 

TUBERCULOSIS 

The pallor of the skin and of the visible mucous membranes, 
which sometimes is sufficiently marked to attract attention, may 
constitute one of the earliest symptomis of tuberculosis. It is 
observed most frequently in children and young adults and has 
long since been looked upon as a suspicious omen, especially as 
it is found in girls; at the age of adolescence it was formerly 
regarded as a sign of * * going into a decline. ' ' Blood-counts and 
hemoglobin-determinations usually give normal results, and 
when this is the case, the symptoms are due apparently to 
vasomotor constriction, and suggest the action of a toxin upon 
the sympathetic nervous system, while otherwise the direct ac- 
tion of the toxin upon the red cells may be responsible for the 
deficiency of their number and of the hemoglobin. 

A like toxic origin offers, in our opinion, the most reasonable 
explanation for certain functional digestive disturbances which 
consist in lack of appetite or in its capricious character, in symp- 
toms of dyspepsia, in an unsatisfactory gain in weight and 
growth in children, or in a gradual loss of weight even when the 
digestive organs are apparently not disturbed and when the 
appetite is sufficient for a normal amount of food to be ingested 
regularly. 

The tired, languid appearance and the easily induced fatigue, 
disturbed sleep, the tired feeling on rising or after exertion, 
trophic anomalies of the skin, early decay of teeth, dilated 
pupils, headache, and other vague pains suggestive of neuralgia, 
myalgia or rheumatism, certain obstinate skin affections like 
acne or psoriasis, delay in the establishment of adolescence in 
boys and girls, and various other symptoms for which no ade- 
quate explanation offers, are in our judgment all phenomena 
of disturbed vasomotor function and suggest a toxic origin. We 
have long since assumed a like origin for certain functional dis- 
turbances of the heart, especially when they occur in the early 
stages of tuberculosis and are manifested by an unduly rapid 
pulse and by paroxysms of cardiac palpitation. The theory 
of the toxic origin of these symptoms is supported by the ob- 
servation that symptomatic and general hygienic measures are 
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uot followed by marked improvement. According lo stateuieutii 
made frequently by our patients, therapeutic efforts had ufiually 
been applied and had failed before other symptoms appeared 
which pointed to the existence of tuberculous disease and brought 
tbem under our care. 

Most of these symptoms have long been recognized as pre- 
cursors of phthisis, but their treatment at our hands, under 
the most exacting application of dietetic and hygienic principles, 
including rest and regulation of exercise, and at times tonics 
and digestive aids as well as other appropriate remedies, was 
never followed by that degree of success which we are now 
accustomed to expect, and which we usually realize under spe- 
cific treatment. We have every reason to believe that the de- 
velopment of a specific immunity is the important factor for 
the control and removal of these symptoms, and that they are 
in fact the manifestations of a specific toxemia. 

We are of course unable to say which of the several possible 
toxic products of the tubercle bacillus is concerned in the pro- 
duction of these symptoms, and there is no reason why any of 
them could not cause toxemia, as we shall show when discussing 
their relation to fever; but as these symptoms usually appear 
at an early period, and often become manifest before a positive 
diagnosis of tuberculosis can he made, except with the aid of 
a tuberculin test, we are justified in considering the infiuence of 
the split products of a protein, or pos.sihly even a toxin of non- 
proteid nature, which the tubercle bacillus elaborates in its liv- 
ing state ; or then the action of a protein which becomes avail- 
able after Uic death of the bacillus, and which, owing to its 
ready soluhUity, may be the first to appear in the local tissue 
and become available for absorption into the circulation. 

In our opinion, the niqht-swe.vts which occur in pulmonary 
tuberculosis are often, if not always, associated with fever and 
usually have a like toxic origin. While the majority of patients 
with night-sweata belong to the advanced stage of tuberculosis, 
these may occur in early cases, when the functionating power 
of the regulating nerve-eenters has become labile in consequence 
of intoxication and of other weakening influences. 

The relation of fever to night-sweats became apparent in an 
investigation undertaken by one of us a number of years ago.' 

'Kuu. V. RUCK; Journ of Tubereuloaia, 1900, II, IGfl. 
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In the cases studied the night-sweats coincided, as a rule, with 
a rapid fall of the temperature, suggesting that the toxic irrita- 
tion of both the heat- and vasomotor-ccnters subsided simul- 
taneously during rest and sleep. 

The infrequency of night-sweats in patients under specific 
treatment has attracted the notice of many clinical observers, 
and we have had occasion to call attention to it during our early 
experience with old tuberculin. 

We have come to accept a like toxic origin for the colliquative 
diarrhea which is often present, especially in the terminal stages 
of phthisis, a similar cause being suggested in that it makes 
its appearance usually during the early morning hours or early 
in the forenoon, either in isolated attacks or in several evacua- 
tions which take place in rapid succession. 

The Fever. — A study of the toxic symptoms, as they mani- 
fest themselves by fever, in the evolution, of tuberculous disease 
of the lungs, when compared with other localizations, as for 
instance in lymph-glands, bones and joints, appears to us to 
show that these symptoms are more marked when the disease 
is localized in the respiratory organs, and that they are slight 
or absent more frequently in extra-pulmonary localizations. 
This may find an explanation in the blood-supply and in the 
respective functions of the organs or parts. 

For many years the fever of phthisis has been considered 
as an important factor, if not the most important one, which 
is responsible for the emaciation and exhaustion of the con- 
sumptive; and it has, on that account, always been the object 
of special treatment, often with an entire disregard of the 
underlying cause or causes. The value of more direct remedies 
for the treatment of phthisis is to this day frequently estimated 
by their influence upon this symptom. Except for rest, as far 
as it is possible to impose it upon the diseased organ or upon 
the body as a whole, no mode of treatment directed against 
the fever has, however, been successful in modifying the course 
of phthisis. 

After the introduction of antipyretics, it was hoped that their 
employment would be attended by the desired end and that the 
systematic and continued administration of these remedies would 
keep the patient free or nearly free from the fever and save 
him from its detrimental eflfects ; it required only a short experi- 
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ence to make it evident that the consumption was not checked 
by the use of these drugs, but that the disease progressed in 
the same manner as before or even more rapidly. The expecta- 
tion of controlling the fever by destroying the tubercle bacilli 
in the tissues or of reducing their pathogenic action, by the 
administration of germicidal remedies, also failed to be realized, 
because none of them could be given in sufficiently large doses 
witliout endangering the safety of the patient by their poisonous 
effects. 

With the expectation that some degree of germicidal action 
would follow their use by long- continued administration in 
smaller doses, these remedies were employed pei-siatenlly for 
many years, and they are still prescribed, especially in the form 
of creosote or of its derivatives which are the least objection- 
able of all. The effect of the external application of giiaiacol 
upon the fever was indeed often striking, the application being 
followed within a few hours by a reduction of the temperature 
by Bcveral degrees; yet this use of the drug was discontinued 
on account of its effects which were only temporary, often dis- 
agreeable and even injurious, similar to those seen after large 
doses of coal- tar-antipyretics, which cause collapse-temperature, 
and because of the recurrence of the fever, accompanied by 
chills, after which it often reached higher maxima. 

The creosote preparations continued to be prescribed in the 
absence of anything better, and their employment became so 
general that for years the dnig was a routine prescription for 
tuberculous patients in any stage of the disease, as had formerly 
been codliver oil. Even the patients themselves became cog- 
nizant of its significance and inferred that they were being 
treated for tuberculosis when this knowledge had been withheld 
from them by their physicians. Such a general professional 
recognition of creosote could not have been possible had it not 
been for the fact of its modifying action upon the .secretions 
of the mucous membranes, by which it often exerted a favor- 
able intluence upon the cough and expectoration, indirectly 
upon the fever, and especially upon gastro-intestiual dis- 
turbances. 

The introduction of tuberculin raised hopes that its action 
would manifest itself also upon the fever; but these hopes were 
again disappointed in so far as they pertained to the advanced 
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stages of phthisis, while in the early, so-called closed stage, the 
excessive and frequent doses which were in vogue at first, and 
its failure to cause a complete immunizing response, account 
for the fact that a reduction of fever was noted only in a mi- 
nority of cases with sufficient promptness to justify the assump- 
tion that the tuberculin treatment was responsible for the 
result. 

The cause of the fever in tuberculous diseases has always 
been brought in relation with some pyrogenic agent which was 
supposed to be a product of the disease itself and which was 
believed to be absorbed from the lesions. Much study has been 
devoted to the nature and action of this agent. With the dis- 
covery of tuberculin, the administration of which gave rise to 
specific reactions including fever, the identification of the 
pyrogenic agent with the specific product of the tubercle bacillus 
appeared to be established beyond a reasonable doubt. 

The reason why the administration of tuberculin in small 
doses caused general and febrile reactions only in tuberculous 
subjects, whereas much larger doses were ineffective in others, 
was not so clear. A satisfactory explanation was given in the 
further course of the studies in immunity, especially those of 
the mechanism of bacteriolysis, which has been described in 
Chapter IV. The theory postulates the activation of a latent 
function under the influence of specific stimulation, which fol- 
lows the absorption of toxic products elaborated by bacteria 
after infection or after their parenteral introduction, and which 
manifests its action in the disintegration of the toxin or of the 
bacteria, through specific bacteriolytic substances in conjunc- 
tion with a fitting enzyme or ferment. The specific substances 
which are spoken of as amboceptors vary quantitatively accord- 
ing to the frequency and intensity of the preceding stimulation, 
and consequently the degree of reduction of the related toxin 
to its simple elementary form is subject to like variations. In 
case the amboceptors are quantitatively insufficient, the reduc- 
tion is incomplete and the partially reduced so-called split prod- 
ucts have been found to cause toxic phenomena and irritation, 
especially upon the nerve-centers, which give rise to general and 
febrile reactions. Applying these observations to the occurrence 
of reactions to toxins derived from tubercle bacilli, in tubercu- 
lous or non-tuberculous subjects, we would expect fever to occur 
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in case the bueteriolytio function has beeu activated by previous 
infection with the bacillus of liibiTculosis and by the absorption 
of an identical toxic product, provided the available Hpecitic 
amboceptors are quantitatively insufficient, and we would ex- 
pect no febrile reactions in eaae these amboceptors were ample 
to reduce the amoimt of the injected toxin completely, whereas 
febrile reactions could not follow at all in non-tuberculous sub- 
jects because the bacteriolytic function has not been developed in 
them. 

The occurrence or non-occurrence of fever in tuberculous sub- 
jects, after the adminifitration or spontaneous absorption of toxic 
products of tubercle bacilli, depends therefore upon the exist- 
ing balance between the amounts of specific toxins and specifii^ 
bacteriolytic amboceptoi-s that arc present in the circulation. 
When the balance is in favor of the specific tosin, split products 
are formed and their amount and degree of reduction, also 
the time during which they are present in the arterial cir- 
culation, stand in relation to the toxic phenomena which 
follow. 

The smaller the margin is in favor of the bacteriolytic ambo- 
ceptor, the more readily will the balance turn in favor of the 
toxin and lead to the occurrence of split products. That this 
margin is often a very narrow one is shown by the slight causes 
which suffice to produce fever iu the ordinaiy course of tubercu- 
lous disca-se, and by the miuute doses of tuberculin which arc 
required to produce febrile reactions. 

The observation that such reactions become less marked o" 
fail to occur, when the injection of the toxin is repeated, is to 
he expected if we are correct in our theory of these processes, 
since, iu such a case, the function to reduce a given amount of 
toxin has increased because the cells respond more quickly, or 
because other more distant cells have been reached, that had 
not beeu infiuenced before by the toxin, and now contribute 
their quota of bacteriolytic amboceptors. The reduction is there- 
fore more complete, or entirely so, and intermediary products 
do not reach the central nervous system in sufficient amounts, 
or they are not present in the circulation long enough to irri- 
tate the heat center enough to cause a rise in temperature. 

A decided increase in dose is again followed by fever, for 
the same reason as this occurred in the first place, and in time 
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a still larger doee may fail in its torn to cause a reaction when 
the function has reached its maximal degree; but. if thereafter 
an excess of the same toxin is absorbed or introduced, its reduc- 
tion is again incomplete and slow; in consequence its inter- 
mediary products can accumulate anew, and enough of them 
may then appear once more in the circulation to produce fever. 

Since the reactive phenomena must necessarily vary with the 
rapidity with which the foreign substance enters the hlood, 
and also with the rate at which its intermediary products arc 
eliminated by the excretory organs, it is to be expected that 
absorption from the diseased tissues is less rapid when the or- 
ganism is completely at rest, as for instance during sleep, or 
when exercise is limited or avoided entirely, and when elimina- 
tion is facilitated by the free action of kidneys, skin and bowels. 
A satisfactory explanation is thus at hand for the variations in 
the degrees of fever, or for its temporary absence as it is noted 
in the inlennittent types. 

It is, however, not necessary for the production of repeated 
or continued febrile reactions thai all fractional parts of the 
toxin be absorbed or introduced in excess; the result will be 
the same as long as this is the ease with one of them. The split 
or partially reduced products of a certain fraction of the bacil- 
lary toxin may also differ individually in their toxie or irri- 
tating action upon the nerve-centers, and the state of reduction 
may be of influence in the result. 

We have reason to think in this connection more particularly 
of the lipoids of the tubercle bacillus, some of which we have 
found to be extremely toxic in animal experiments. They are 
the least soluble in the body-tluids. and become available par- 
ticularly with the softening of caseous tubercle or with thu 
advent of tubercle bacilli or of their fragments in the circula- 
tion. If we are correct in this respect, the relation of the lipoids 
or of their split products to the fever wotdd be of additional 
interest, in view of the therapeutic results which have been 
claimed from the use of various drugs which are solvents for fats, 
like alcohol, ether, chloroform, and because the liberation and 
absorplion of the lipoids in the orgaui.sm might perhaps be 
favca-cd by the administration of these agents at an earlier 
period, before the organism has acquired any or only traces of 
speeifie amboceptors for them. Our interest has not been di- 
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rected to the lipoids od account of tlie supposed value of alcohol 
or of other fat-aolventa in the treatment of tuberculosis, but 
is based upon certain toxic and biological phenomena which we 
have observed repeatedly, and which may in time be explained 
otherwise. The point is of interest on account of the large use 
that has been, and is still being made of alcohol in the treatment 
of tuberculosis, often by experienced clinicians. 

We find, therefore, that the fever in tuberculosis has its origin 
in the absorption of foreign substances which are produced by 
or constitute the specific products of tubercle bacilli, either of 
their secretion or metabolism, or of their body-constituents, 
and that it denotes a reaction between one or more of them 
and bacteriolytic amboceptors which are (luantitatively insuffi- 
cient to prevent the formation of split products, and their ac- 
cumulation in the arterial blood. The increase of the specific 
bacteriolytic amboceptors is, however, limited and the absorp- 
tion of toxic products may become increased to amounts through 
which an excess is present beyond that which can be neutralized 
by a maximal amount of specific amboceptors which the organism 
is capable of producing. This is likely to occur more particularly 
in acute miliary dissemination, or with the advent of caseous 
softening in pulmonary tuberculosis and when larger caseous 
areas break down rapidly. During each of these processes the 
absorption of specific toxin may occur continuously and in far 
greater amounts than the previously acquired defensive func- 
tions can compensate. The organism is then in a state of more 
or less constant intoxication and febrile reaction, for the removal 
of which it is necessary to prevent, or at least reduce and limit 
the absorption of the toxic products. 

Clinically we seek to accomplish this by limiting exercise or 
by enforcing absolute rest, by immobilizing the lung as far as 
possible by strapping, or by its compression in the production 
of an artificial pneumothorax. In cases in which the destructive 
processes are extensive and multiple, or in which the fever 
reaches maxima of 101° P. and over, specific treatment, as a 
rule, is contra-imticatcd, because the ab.sorption of tubercle ba- 
cilli and their products into the circulation is conlinuoua and 
excessive. The enforcement of rest alone is inadequate, although 
it often moderates the fever, and the conditions for the efficient 
employment of the sovereign remedy of lung- compression, for 
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the purpose of checking the absorption, are not often given in 
the advanced stage of phthisis. 

The theory that the lack of specific amboceptors for one or 
more of the bacillary products is responsible for the occurrence 
of split products which maintain the fever, and that the admin- 
istration of their related antigens, needed to produce the lack- 
ing amboceptors, would enable the organism to complete the 
reduction, has had our attention, and we have made attempts 
of studying its correctness in a number of cases. So far we 
have been able to influence the course of the fever in phthisis, 
by the administration of partial antigens, in only a few instances 
in which it was possible to show amboceptors for one or more 
of them and not for others. As a rule, we found no specific 
amboceptors at all in the sera of patients whose temperature was 
high; more often we found that such sera appeared to remove 
all specific amboceptors from immune sera of known titer against 
which they were tested, especially in cases in which tubercle ba- 
cilli were present in the blood. Our experience is, as yet, not suf- 
ficient to justify us in abandoning trials in this direction, or in 
affirming or rejecting the theory itself; all that we can say is 
that, so far, we have not met with the successes which the theory 
would justify us to expect, and that usually we did not find it 
applicable in actual practise. 

The evident relation of the fever to an insufficiency of specific 
bacteriolytic amboceptors suggests the question whether it might 
be possible to increase them, as is done in the administration of 
specific antitoxins, by the therapeutic injection of a serum from 
an actively immunized animal in which their presence has been 
demonstrated in maximal amounts. 

Attempts to use immune sera therapeutically, in order to transmit an 
actively acquired immunity to another organism, which constitutes a 
passive immunieation for the latter, were undertaken at first rather em- 
pirically and, later, on similar principles and with like purposes, as anti- 
toxic sera are used, viz., in the expectation of supplying artificially the 
desired bactericidal antibodies. They are among the earliest efforts to 
transfer resistance from those in liealth or from those who were actually 
immune, to others who suffered from an infectious disease. At first the 
normal sera of dogs, goats, horses and of otlier animals were used experi- 
mentally and therapeutically for this purpose, and later the sera from 
animals after these had been treated with the related bacteria or with 
their supposed toxic products. It was particularly in tuberculosis that 
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these elforta were nuincroua. We reminil the Btuilpnt of the eaiiy work, 
especUUf of Frenizh obeervars, iu the use of nartnal sera from supposedly 
reaiataiit aniniaJs, and the emplojinent of auti tuberculous sera from trenlol 
auimala, which latter waa brought to the attention of the mediral pro- 
feHsion parUcularlj by Maragliano of Genoa, and by Marniorek of Paris. 

Some of the earliest experiments in this direction were reporttuJ by 
Htricourt tc Richet,' nitb the blood and tlie senim of doga. At the second 
and third French tuberculosis congresses experimental and clinical result« 
were submitted by HSricourt, Semmolo, E. Vldal, Pinard &, Kirmisson, 
8. Bemheim, Babes and others, on experiences especially with hypodermic 
iiijectioiiB of dog seruni, aud with injections or transfusions of goat's blood. 

DeutschiDann * omptojB a serum which be obtains from rabbits after 
feeding them witli gradually inereasinK doses of yeast, and claims that 
it is of value in local and general parasitic infections, including tubervu- 
loaie. Dr. Oimbert of Cannes prepared a serum from cow "s milk, which 
was recommended by Lerebouiltet ' before the French Academy of Medicine, 
for use in diseases that are characterized b; malnutrition and debility, 
especially in cases of pulmonary pfatliisis which had not advanced too far. 

Magaant' proposed the treatment of phthisis by subcutaneous injections 
of serum taken from blisters raised upon the skin of consumptive patients- 
Gilbert * advocated an auioserotherapy by employing pleural exudates for 
injections in the same patients, claiming that antibodies are traiismittod 
into the circulation in this manner, while they are not absorbed by the 
inflamed pleura. Under the name of bcteroiierothtTapy, Joussct' reconi' 
mended the injection of "the serum of other patients, which ia deSbriuate-I 
and heated to 55° C, " in amounts of £0 to 50 cubic centimeters. He 
claimed that tlie procedure of Oilbert was not without danger; but this was 
employeil, nevertheless, by many clinicians with apparently beneficial results. 

Attempts in passive immunization against tutwrculosis were made in 
this country by Trudeau & Baldwin, de Schweiniti. Paquin, Fisch, with 
sera from animals, taken after treatment with products of tubercle bacilli, 
but without sufficient results to warrant their continued practical use. Like 
efforts were made abroad by numerous invostigatofa, especially by Marag- 
liano ' and later by Marmorek,* as mentioned above, and the immune sera 

•IISbk'ourt &, RiCiTET, in Vebneitil; Etudes expSrim. et din. sur la 
Tuberculoge. Paris. 1880-90, 11, 381; 1892, in, 139. 

■R. Dkutschmann; abstr. Centrlbl. t Bait. Ref. 1908, XLI, 581. 

■LBaKBOUiLLET; Bull. Acad. d. Mid. d. Paris; .le air., 1899, XLII. 96. 

• Maqnant; Bull., Acad. d. MM. d. Paris; 3e sir.; 1897, XXXVIII, 354. 

■V. Gilbert; Rev, m*d. d. 1. Salsse roroonde; 1910, p. 24.— Abstr. Fol. 
SoroL; 1911, VII, 99. 

'A. JoDSSBT; abstr. Zeitschr. f. Tub. 19IB, SIX, 296. 

•E. Makaouano; BerL kUn. Woch.j 1895. XXXII. 689.— Ann. Istit 
Maragliano, 1909. Ill, I9G; cf. Centrlbl, f. BakL, 1909, XLV, 316; and 
elsewhere, 

■A. Makmorek,- Zcitsch. f. Tu lie rku lose ; 1900, I, 444.— Berl. Uin. 
Woch,; 1903, XL, 1108; and elsewhere. 
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of UiMO autliura have been employed elinieolly in large iiiiinbera of coses 
over a period of years. More recently, Brusehettini " and Buppel & Eick- 
nuuin " introdiieed icra for passive immimization, but Bruachettini supple- 
Dienta tiie action of his immuDO serum by an active intmuDixiLtiou, and 
the "Hochst" antitubercuIoBJs KTum, reported upon by Ruppel & Eiek- 
niBun, liaa never found practical applieation. 



In 80 far as one pan judge from published case reports, neither 
these nor various other sera have heen effective in influencing 
the course of the fever in phthisis in a decided manner, although 
good elinieal results have been observed frequently during their 
administration, especially in slightly febrile or in afebrile 
cases. 

In our own experimental studies, in 1897, with serum from 
goats, taken after prolonged treatment with Tuberculin R. and 
with Watery Extract of Tubercle Bacilli, we were successful 
in so far as by adding a like quantity of the immune serum to 
0.5 cc. of tuberculin (i.e., the minimum dose that kills tubercu- 
lous guinea-pigs in forty-eight hours), and injecting this mixture 
into tuberculous animals, these did not succumb, whereas the 
controls all died within forty-eight hours. The treatment of 
tuberculous patients with this serum was not followed by appar- 
ent benefit, and the results from active immunization were murh 
more satisfactorj'. As we considered febrile cases of phthisis to 
be unsuitable for active immunization, the administration of 
the serum was then limited to this class of patients, without any 
apparent amelioration of the course of the disease, cither in 
regard to the fever or to the other symptoms, and it« use was 
finally abandoned because of occasional accidents which we now 
recognize as having been due to serum anaphylaxis. 



In our attitude toward passive imniuuization in the treatment of tubercu 
losis, we have been guided by the couHideration uf the chronic nature of 
the disease, in which we believed it to be of importance that the organism 
should poBseas an active immunity, and be enabled thereby to defend itself 
against the tubercle bacillus and its tonins. We reserved our triala with 

"A. Bbuschettimi; Trans. Internat. Tuberculosis Conference; Brusaela, 
1910, p. 314.— VII, Internat. Congr. of Tub.; Rome, 1912 (Repr.). 

"W. G. RurPKL * W. Erikmann; Zeitachr, f. Immuu. frsch. 1910, VI, 



zss 



IMMUNIZATION AGAINST TUBERCULOSIS 



cUnical 
attitude 



immuue aera, therefore, to tases in wliitli t!ie active metlicul nppnnroil to be 
contra indicated, aa we eu<teavoreil to sliow in our iliscuBaion of the seleo- 
tion uf casuB. We find in more recent years that many other cliDiciona 
appear to huve adopted a ainiilar attitude, which Laa loil to tlie gradual 
abandonment of pnaaive immiiniKatian in favor of tlie active method. In 
tliis connection it ia of partieohu" intereat to note that Maragliano " no 
longer depends upon hia immune serum alone in the immunixntion against 
and the treatment of tuberculosisj while ho still adminiatera his aerum in 
ta a preliminary course, thereafter he employs and depenils 
jults upon the active method by administering the bacillary 
1 the form of their extractives. A similar change of 
a noticeable in the use of antiaera for the treatmeot of so-called 
mixed infection a in febrile phthiaia, the active method in the form of 
autogenous or stock vaccinca having; replaced the passive method olmoat 
if not entirely. 

We have pointed out that, in ao far as it is subject to demonstration by 
means of the coinpIement-BxatioD reuction, bacteriolytic imitiuaity appears 
to be limited quantitatively, in that apparently it ennnot bo increased by 
further treatment after a certain amount of specific amboceptors bae been 
produced. In thia reapect the production of bacteriolytic immunity differs 
essentially from that of antitoxic immunity in which the titer of the anti 
toxic serum can bo made to reach a very high degree. Under these eircum- 
■tancee the doses of the bacteriolytic serum, required fur treatment, would 
need to be adjusted to the amount of bacillary toiina that are present in 
the blood, and thia wouhl necessitate very large doses in certain 

If we are correct in our observation Uint the fitting ferment, which is 
necessary for the bacteriolytic action of a tuberculosia immune serum ia 
become manifest, is apeeiflc, it would also be neceasary that the immune 
serum be odDunistered in ita fresh active state. In any ease the necessary 
dose would need to be repeated perhaps daily, and the treatment would have 
to be continued until the excessive absorption of the bacillary products 
no longer occurred, which may be deferred for many months or indofl- 
nitely. 

Further, we would have to reckon with the occurrence of anaphjlaiiB 
due to the repeated administration of a foreign serum, and with the pos 
dbilitT that the artiflcini increase of the bacteriolytic power of tlie blood, 
beyond that which the organiam itself can produce, ia not indifferent, and 
that similar results may be experienced from the rapid reduction of large 
amounts of specific toxins, aa occur when a foreign serum is reduced rap- 
idly, in consequence of which the patient may be poisoned in n similar 

Wb are at a loss to account otherwise for our observation of deaths in 
highly immunized animals, which followed witliin a few days after their 
infection, and for like fatal results in bactericidal experiments after the 
intraperitoneal infection of normal animals witli the contents of test-tubes 

"E, Mabaqliano; loo, cit., Centrlbl. f. Bnkt. Ref. 1909, XLV, 316. 
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in which virulent tubercle bacilli had been subjected to the bacteriolytic 
action of fresh immune serum. 



We find, therefore, that formidable if not insurmountable 
difSeulties are likely to be met with in attempts of preventing 
the toxic fever in the course of phthisis, by trying to supply 
the necessary specific antibodies artificially. In recent attempts 
on our part to do this we administered comparatively large 
doses of inactivated immune serum of maximal amboceptor-con- 
tent, as determined by the complement-fixation test, without 
observing any appreciable influence upon the fever, except in 
one case in which the temperature was reduced temporarily after 
the first, and again after the third intravenous dose. After the 
intravenous administration of the fourth dose of 15 cc. given 
six days later, decided anaphylactic symptoms followed imme- 
diately; together with the entirely negative results in other 
cases, this accident caused us to abstain . from making addi- 
tional trials. Under the circumstances it was not entirely clear 
whether the symptoms of anaphylaxis were caused by the for- 
eign senun, or whether they stood in relation to the reaction 
between the specific components of the immune serum and the 
toxic products of tubercle bacilli which, in this case, was well 
possible because tubercle bacilli were found in the blood of the 
patient before each dose was administered. We are inclined, 
however, to consider the foreign serum as standing in relation. 

From the foregoing considerations concerning the fever as 
a toxic manifestation in tuberculosis, it follows that we are 
practically without an efficient remedy for its successful treat- 
ment, at the present time, in cases in which the specific toxins 
of the tubercle bacillus are absorbed in excessive amounts, ex 
cept in the comparatively infrequent instances in which a suffi- 
cient degree of lung- compression can be accomplished, by which 
their further absorption may be arrested. 

In the light of our studies of the subject, we must expect that 
most cases of this kind will succumb to their disease. Our 
observations give us a satisfactory explanation also for the 
fact that even a maximal degree of immunity, as we are now 
able to induce it by specific treatment, can fail in cases in which 
it has not developed before a period when larger foci and 
aggregates of tubercles have caseated, and why the acquired im- 
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immune sera, therefore, to eaaea in which the a«tive ntetf 
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abandonment of pnssive immunization in favor of tlie ^ 
this connection it is of particular interest to not« tlulC 
longer depends upon his immune serum alone in the im^ 
and the treatment of tuberculosis; while he still a 
clinical c.iscs, as a preliminary course, thereafter be Q 
for his Snal results upon the active method bj e 
body-constituents in the form of their extroetivu. J^B^^ 
attitude is noticeable in the use of outisera for the trw^ 
mixed infections in febrile phtliisis, the active methi, 
autogenous or stock vaccines having replaced the p**^^^ 
if not entirely. ^^1 

We have pointed out that, in so far as it is subjcet %_^ 
means of the complement- fixation reavtion, bactcrioiytin^ 
to be limited quantitatively, in that apparently it aan^ ^ 
further treatment after a i:ertain amount of speciflc «)^^^ 
produced. In this respect the production of baeteriol 
essentially from tliat of antitoxic immunity in whieb 
toxic scrum can be made to reach a very high degwa, 
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If we are correct in our observation that the fittii, 
necessary for tlie bacteriolytic action of a taberculo; 
become manifest, is specific, it would b!bo be ni 
serum be administered in its fresh active statA. 
dose would need to be repeated perhaps daily, Uld 
to be continued until the excessive absorption 
no longer occurred, wliich may be deferred for 
nitely. *% 

Further, we would have to reckon with the oceu^^ 
due to the repeated administration of ii foreign sert^^ 
Bibili^ that the artificial increase of the bacteriolyti^* 
beyond that which the organism itself can produce, ^^^ 
that similar results may be experienced from the ral^ , 
amounts of specific toxins, as occur when a foreign ^.^ 
idly, in consequence of which the patient may be 
manner. 

We are at a loss to account otherwise for 
highly inimaniied animals, which followed 
Infection, and for like fatal results in bactei 
intraperitoneal infection of normal animals wiUi' 

"E. Maraqliano; loe. HI., Ccntrlbl. f. nnkt. 
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nHinily cannot aflford a guarantee for the future in such cases. 
until tiie caseous tissues have undergone encapsulation so firmly, 
completely and permanently that they are no longer subject 
to softening and absorption regardless of incidental exciting 
causes, such as acute respiratory diseases, trauma, etc., which 
can initiate such a change. 

While we expect to make trials with immune sera in their 
active state, with a view of studying their action upon the 
course of febrile phthisis, we shall consider likewise the prospect 
of success from eiforts leading to the increase of the bacterio- 
lytic action of the patient's own Serum to its maximal degree, 
in case the inferences are correct which we draw from our obser- 
vations mentioned in Chapter IV, on p. 94; namely, that the 
bacteriolytic action of immune .senim in tuberculosis depends 
upon the presence of a specific thermolabile substance of the 
nature of a ferment, and that this substance forms in response 
to immunization with a certain fraction of the baeillary body- 
substances, to which is attached a similar toxic substance, also of 
ferment-nature, which causes the development of a specific 
bacteriolysin. 

This aesuinptioD haa the support of rertuin observations in the produc- 
tion of antitoxic immuDe sera, and of other evideni'e. In antdtorie im- 
munity the BpeciHc toxins, and tlie aiititt)xi]ia whivh are formed in re- 
sponse to their ailministratioD, are both believed to be of the natore of 
ferments. Like other ferment- a<^tiull|j, their aution can lie destroyed b; 
heat, and the; deteriorate s pott tan eously on etandiog. The toxin is be- 
lieved to be a product of bacterial sci^retion peculiar to a small numlMi' 
of bacteria; the antitoxin being itself of ferment nature, it does not require 
the cooperation of another ferment for tlie neutralization of its related 
toxin; it is capable of being increased eaDrmously b; the administration 
□f the toxin. 

The bacterial body- substances or endotoxins of tubercle bacilli, on tlio 
Other hand, are supposed to have no ferment-action, to be thermostable, and 
to be of proteid- or of lipoid -nature. The bacteriolytic amboceptors, which 
appear in response to the administration of the endotoxins, are also ther* 
mostable, they are not of ferment- nature, and the conperatioQ of another 
ferment is required for their action. 

It will be observed in antibiiic immunity tliat the specific toxin nnd the 
specific antitoxin are both of ferment nature; the rc-action occurs there- 
fore between two ferments. While the correctness of these pro|)08itionB 
appears to be established and ncceptcd witliout a rensonnble doubt, it may 
nevertheless l>e permissible to inquire nhetJier there are no exceptiona 
to these observations and ivheUier all baetcrial body-Bubatanees or endo- 
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toxina, ineluding tlioee of llio tulierde bacillua, comply with thein. This 
inqniry appears justifieil if wo rumomher that the production of BO-called 
true toxins ia liniitoii to oiilj' a few bacteria anJ that they eonatitute on 
apparent exception to nil others. 

Rnoiring that all i^dIIb, whether of nnima] or vegetable origin, contain 
ferments, and finding that the results of more recent invcstifi^iitiuna of 
their action indicate that they are specific for eneb kind of cell, we have no 
reason to assume that the tubercle bacillus-cell does not also eontaiu u 
ferment, ami some reason for the belief that it may be gpetific. This fer- 
ment need not be present Jn sufficiently large amounts to betray iteelf by 
[nsnifesting its oction readily; it may be bound intirontely to one or more 
of the constitaenta of the cell-bodj and may thus escape detection until 
the body- substances themselves are brought into solution before being 
exposed to temperature- or other infiuences which ilestroy it or cause its 
spontaneous deterioration. 

In formulating a tlieoretioal basis for our further atudies, we assume 
that the tubercle bacillna-cell contains a ferment, and that tlie parenteral 
introdnction of tliis ferment produces an autifcrment, the same as we find 
it to occur in response to the administration of tlie true toxin, in the form 

Our studies and observations caused ua tn search for the manifestation 
of the ferment particularly in one of the lipoids, because ne have found it 
exceptionally toxic, and in our studies of the immunizing action of the 
aeveral proteins and lipoids of tlie tubercle bacillus, we succeeded in pro- 
tecting animals with this same highly toxic lipoid (p. 290). We also found 
marked autolytic changes in our vaccine, which contains this lipoid in 
a very minute amount, when it was kept for a number of months at room- 
temperature, and we found further that other preparations, which have 
been heated in the course of their manufacture, remain unimpaired 
tor years without any precautions in regard to temperature-condi- 

The opinion expressed hy Koch, that living tubercle bacilli were neces- 
sary for a complete antibacterial immunity in tuhercuiosis, and the suc- 
cess in immunization of cattle with living tubercle bacilli of the human 
type, may possibly fiud their true explanation by the presence of this spe- 
cific ferment. Our observations in bacteriolytic studies in vitro, and those 
of a certain variability of the degree of morphological changes under 
the uae of active sera which allowed little difference in tlieir amboeeptor- 
contents. suggest that the germicidal action of immune sera depends upon 
a specific ferment- action, and likewise that the complement-binding ambo- 
ceptors need have no part in the destruction of virulence. 



The Peveb in As.sociated Infections. — A toxemia due to 
other bacteria may have a aiinilar origin and meelmnism of 
action in causing fever, as we have accepted it for the toxic 
products derived from the tubercle bacillus; it may then be 
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eolely responsible for, or may participate in causing the tem- 
perature-rises of the open stage of phthisis. 

The associated or so-called mixed infections have been the 
subject of much study, resulting in widely differing opinions 
which remain unreconciled to this day. There can, however, be 
no doubt in regard to their importance and to their- frc(|uent 
relation to the fever in the course of phthisis. Some years ago 
the pus-cocci, especially the strepto-types. were supposed to be 
responsible for the most frequent and serious associated infec- 
tions. In our experience we feel justified in assigning a greater 
share to the pneumococci and to the influenza bacillus as excit- 
ing causes of destructive changes in the closed stage, and i 
responsible for fever and for inflammatory complications whicli 
may occur in the open stage. 

Theoretically we may expect like reactions to the toxic prod- 
ucts of these microorganisms, as they are observed from those 
of the tubercle bacillus, and we may also expect that suitable 
specific vaccines will produce an immunity against thcra. The 
fact that, in the course of such associated infections, the palJent 
often fails to acquire the necessaiy degree of immunity spon- 
taneously, but that it develops frequently after the administra- 
tion of a specific bacterial vaccine, appears to depend on similar 
conditions as they are found in tuberculosis: namely, on the 
condition that the bacterial body-substances are. necessary for 
the development of bacteriolytic immunity. We have often 
been able to bring about the prompt subsidence of fever by 
means of autogenous bacterial vaccines, and we have also ob- 
served unmistakable focal reactions in the luugs. especially in 
cases of pneumococcus infection. Like in tuberculosis, focal 
reactions appear to indicate that a limited amount of specific 
amboceptors aealnst the related bacteria or their toxins were 
present in the reacting lisaues and it vian made evident by the 
eventual disappearance of focal reactions that they were capable 
of increase by further specific stimulation. 

In this connection we wish to mention another interesting 
observation, namely, that during the acute period of an asso- 
ciated infection the specific amboceptors for tubercle bacilli, 
which previously had been present, as a rule could not be demon- 
strated in the sera of the patients, but that they reappeared after- 
wai-ds spontaneously. We have made like observations in regard 
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to specific agglutinins, the titer of which fell steadily and rap- 
idly, sometimes to zero, and returned later to its former degree. 
We are without an adequate explanation for these observations, 
but they remind us of our similar experiences with associated 
infections in guinea-pigs, in the course of experimental studies, 
as will appear later in their consideration. Another point of 
common interest is that these associated infections are at times 
as seriously detrimental in the human subject as we have found 
them in our experiment animals, and that the cause for the 
loss of specific protective substances may be the same. 



CHAPTER IX 



THE SPECIFIC TREATMENT OF PULMONARY 
TUBERCULOSIS Con/iwh^di 



THE ADMINISTRATION OF SPECIFIC REMEDIES 

The JM'Voral ttp^-ciHc remedies for the treAttueot of tubenmloKis 
contain either friycerin or s small amount of phenol for Iheir 
(tri^Nervation; our lire pa rations are proteeteil against air- 
infeetioQ by the addition of 0.4 per eent of phenol. In hot 
weather, or when they are not to he nsed within a few months, 
all these preparationH should be kept in a cool plaee. preferably 
in the refrigerator, and this precaution is ealled for particularly 
for the prolonged keeping of our vaccine, if its power to cause 
rpactiotiH u) to be preserved in its futi degree. 

In the examination of our results of prophylactic vaccina- 
tion, in Chapter VII. we showed that a conLplete bactericidal 
ininiutiity ean Ik- demonstrated in suitable cases, by laboratory 
testH and by animal experiments, after the admiuLstration of one 
full doin' of our vaccine. For therapeutic application, we usu- 
ally begin with comparatively small doses and endeavor to 
aecomplifih the same result gradually; yet it has often been 
poHHihle to nhow a maximal amount of specific antibodies in the 
countc of the first month of treatment, and in some cases long 
iH-fure the well-marked open oi closed tuberculous lesions, exist- 
ing in the lungs or elsewhere, had healed or disappeared. 

The objeel of giving small initial doees is to ascertain the 
sensitiveneNs of the individual patient, which varies with the 
character and extent of the tuberculous changes, and with the 
degrecK of spontaneously acquired immunity against one or more 
of the specific toxins contained in the remedy that has been 
selected. When the real purpose of the small initial doses has 
been accomplished, by establishing the degree of sensitiveness 
to the bacterial remedy in an individual case, we believe that 
Ihe treatment should be continued with amounts that are large 
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enough to produce distinct but not excessive focal reactions, as 
will be discussed in detail in the following pages. We are con- 
vinced that we have often lost valuable time, in the past, by 
giving too minute doses and by increasing them too slowly in the 
course of specific treatment. For several years prior to the 
therapeutic use of our vaccine, we gave 0.1 cc. of the 10 per cent 
solution of the Watery Extract of Tubercle Bacilli as a begin- 
ning dose; our increasing experience has led us to give, as a 
rule, 0.1 cc. of the full strength of both preparations, the Wa- 
tery Extract and the Vaccine, for the first or trial-dose. 

For the therapeutic use of tuberculin preparations or of tu- 
bercle bacillus-emulsions, the initial doses, administered by dif- 
ferent observers, vary greatly in amount; clinicians who 
endeavor to give the doses small enough and to increase them 
slowly enough to avoid reactions of any kind, inject initial doses 
of one millionth or less of one milligram. In our experience 
with old tuberculin, we found that an initial dose of 0.1 mgr.. 
that is, 0.1 cc. of a one-tenth per cent solution, rarely produced 
reactions, and we believe that 0.01 mgr. of tubercle bacilli in 
emulsion may be administered without any danger of causing 
necrosis at the site of its subcutaneous injection. 

If a dilution is desired for the purpose of measuring small 
initial doses accurately, it may be made by mixing one part of 
the remedy with nine parts of boiled water to which 0.4 per 
cent of carbolic acid are added, and further dilutions are made 
in the same manner; they may be preserved in a sterilized vial. 
It is of course understood that, in making the injections, the 
usual aseptic precautions are to be observed. 

We have not found that it is necessary to adjust the doses 
for children as we would in the administration of drugs and, 
although we find that the maximal single doses need not be as 
large as in adults, the doses stand less in relation to age and body- 
weight in producing reactions than they do to the extent and 
character of the tuberculous lesions and to the specific antibodies 
which have already been acquired. 

We can therefore be governed by the same factors in the size 
of our beginning therapeutic dose for children and for adults, 
and we administer the same initial doses, except in very young 
children and in infants, in whom we make the first trial with 
a dose about one-tenth of the usual size. 
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No routine scheme can be outliued for the sine of the doees, 
or for their increase and the frequency of administration. If. 
as we believe, the doses must be sufficiently large that the tu- 
berculous organism can respond to them with a focal reaction, 
in order to obtain the best clinical results, it is necessary to 
adjust and increase them with eare for each individual case. 
If, however, it is desired to prevent reactions entirely, the course 
of some clinicians may be followed who begin with a milliontli 
or even less of one milligram of the specific remedy, and in- 
crease these minute doses until their uselessness has been demon- 
strated or until, in the meanwhile, they have increased suffi- 
ciently to cause reactions. This course requires no selection 
of cases; but it must be unsatisfactory, as it is apt to lead to dis- 
appointment and confusion, and is attended by what may prove 
a serious loss of time. 

In respect to the frequency of administration, wc have else- 
where {p. 131) explained our reasons for tlie interval of five 
days which we observe, unless general or foeal reactions have 
occurred which have not subsided twenty-four hours after the 
administration of the remedy. In this event, we give the next 
dose five days after the subsidence of the signs of reactions. 
Some clinicians administer the specific remedy at shorter inter- 
vals, or daily, especially when the doses are given so small that 
no reactions occur. As a rule, we have adopted longer inter- 
vals than five days only when large doses were found necessary 
to cause focal reactions in lesions which persisted after all others 
had disappeared or had reached a state of healing and fibrosis. 
By waiting several weeks or even longer, we believe to have been 
able to produce focal reactions with doses which, on more fre- 
quent repetition, had apparently become ineffective for this 
purpose. 

After the first or a subsequent dose has failed to cause a reac- 
tion, an increased amount becomes necessary, the increase de- 
pending upon the degree of the reactions which have been 
observed. Unless the preceding reaction has been severe, we 
usually increase our doses by at least 0.1 cc. of the full strength 
of onr preparations. 

In <'onnection with the therapeutic administration of specific 
remedies, ihe question of how long this shall be '-onlinued may 
properly be considered in this place. We have frequently been 
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asked for information in this respect, also for our opinion in 
regard to the size of the final maximal dose which should be 
given and to the total amount of the specific remedy required 
for a given case; such questions are quite natural on the part 
of physicians who have no personal experience. While it was 
impossible to answer them definitely, our position can be in- 
ferred from the discussion of specific reactions, which follows. 
A perusal of individual case-histories reported on p. 187, in con- 
nection with prophylactic vaccination, and of the case of a 
patient mentioned on p. 268, will give additional information. 
It will be observed that the patient, whom we dismissed as appar- 
ently recovered, was in the early stage of phthisis, having a 
small cavity in one lung, a tuberculous infiltration in the other, 
and also a tuberculous complication of the larynx. He was 
treated by us a little more than two months. During this time 
he received 14 doses of vaccine, of 0.2 cc. to 1.5 cc. each, or a 
total amount of 6.6 cc, and he did not react to the maximal 
doses of 1.5 cc, nor to the preceding dose of 1 cubic centimeter. 
Judging from our experience with other similar cases, this is 
about as short a time, and the amount of vaccine used was as 
small as we could expect. The treatment of this patient would 
have been prolonged materially if we had followed a routine in 
the administration of the vaccine and if we had given the doses 
with a view of avoiding reactions. 

Patients are, however, met with who react to very small doses. 
We have observed instances in which so small a dose as 0.01 cc 
or even less than that caused marked general and focal reac- 
tions, and other physicians have called our attention to similar 
experiences on their part. As far as we now know, these experi- 
ences are exceptional and the reactions proved beneficial rather 
than harmful. We advise those who wish to be assured abso- 
lutely that no severe reactions will follow upon the administra- 
tion of the first therapeutic dose of the vaccine, to use dilutions, 
as indicated heretofore, and to make a preliminary trial by giv- 
ing 0.1 cc. of one or the other of these dilutions ; the doses can 
then be increased according to the results observed. 

More time is often necessary in more advanced eases in which 
the pathological changes are more extensive, or in which com- 
plications are present, and the number of doses required, as 
well as the total amount of vaccine used, is correspondingly 
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greater. We believe, however, iLat noii-effeetivc doKcs are often 
given iu inttlaiices in wliich their aetiou is not or e.auiiol be 
observed accurately, or because tlio site of tlie subcutaneous in- 
jection is not varied. 

Some years ago we attempted to secure a more efficient 
response to the vaccine by dividing tJie individual doses into 
smaller portions and injecting the fractional doses at the same 
time in dilTerent parts of the body, with a view of obtaining a 
better response. This mode of admini.stration failed to prove 
of advantage and was given up. 

As to the mast suitable localities for the injections, we alter- 
nate betvrcen the extremities, and also inject into the lower 
quadrangles of the abdomen, occasionally into the looE>e tissue 
on the chest or back. 

When a dose fails to cause local reactions at a new site of sub- 
i-utaueoua injection, it may be increased decidedly and to advan- 
tage ; after larger doses have been reached without causing focal 
or general reactions, they may usually be increased by amounts 
of from 0.2 to 0.5 cc. It has not been often, under the precau- 
tions which we observe, that we were obliged to exceed 1.5 to 
2.0 cc. of vaccine for a single subcutaneous injection ; when such 
large doses were required, it was for the purpose of causing focal 
reactions in old, more or less walled-off cavities which refused 
to heal, or in extrapulmonary localizations in which it was not 
pos.siblc to inject the vaccine directly into the peripheral tissues 
of the lesions. 

In cases of open phtliisis it will occur that, although the 
specific treatment has been long continued and large doses have 
been reached, no further improvement will be observed in the 
physical signs which are still present, especially in rales and 
rhonchi which may be confined to a cavity or are heard in 
other parts of the lungs. If in afebrile patients of this class 
tubercle bacilli continue to be present in the expectorations, and 
large doses of the specific remedy cause no focal reactions, we 
sometimes resort to its intravenous administration, for which we 
employ about one-third of that subcutaneous dose which had 
failed to cause a reaction; and then we increase or repeat the 
doses according to the non-occurrence or occurrence of focal 
and general reactions. So far, we have not increased the in- 
travenous dose over the subcutaneous one which had failed to 
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cause a response, and in case focal reactions occurred at all, we 
noted them, as well as further improvement in response to doses 
which were considerably smaller. 

Failing to cause reactions by the intravenous method of ad- 
ministration, we have but one procedure left which offers a 
prospect of success, namely, the direct injection of the remedy 
into the lung lesion itself, the same as we and others have done 
with marked benefit in accessible extrapulmonary tuberculous 
localizations. Although we have not resorted to the intra- 
pulmonary injection of specific remedies in many cases, and are 
therefore not prepared to express an opinion of its advantage, 
we are encouraged and intend to make further trials, in the 
future, when suitable cases come to our notice. We deem these 
trials proper and justifiable, because they are devoid of danger 
under aseptic precautions. Having already learned that intra- 
focal injections can cause marked focal reactions in very small 
doses, we believe that, in cases in which no reactions occur after 
full doses on subcutaneous or intravenous administration, the 
first intrapulmonary dose should not exceed 0.1 cc. of our 
vaccine. 

In similar cases in which we fail in accomplishing further 
improvement and the subject of an associated infection has not 
before been investigated thoroughly, this should now be taken 
up, even though there may be little or no fever. Other path- 
ogenic microorganisms are capable of maintaining secretions 
in pulmonary cavities and in the bronchi, and of causing chronic 
peribronchial and interstitial changes which may not be attended 
by fever; these changes improve or subvside under the use of 
autogenous or stock vaccines, providing these are actually spe- 
cific in that the bacteria responsible for the mixed infections are 
present in the vaccine in sufficient amounts. We may obtain the 
necessary diagnostic information in this respect by careful ob- 
servation of the reactions which follow. 

In case the vaccine contains the microorganism, which is 
responsible for the clinical signs and symptoms, in sufficient 
amount, it will cause reactions similar to those observed in 
tuberculous lesions after the administration of specific products 
of tubercle bacilli. We shall consider these reactions further 
on, and we believe them to be equally essential for their therapeu- 
tic effect and to be of like diagnostic import. The observation of 
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specific reactiouB puts us in a positioo to avoid prolonged and 
useless treatment in cases in which the vaccines have no specific 
relation and therefore do not produce reactions; whereas, if 
they do occur, we are governed by them in the size of doses and 
in the frequency of administration. Failing to produce focal 
reactions with a comparatively large dose of a given vaccine, we 
discontinue its administration and proceed with further efforts, 
with a view of obtaining the related bacteria hy culturing and 
by microscopic studies of the sputum. lu this inauner we have 
met with success on subsequent trials with sufticient frequency 
to justify their repetition. 



SPECIFIC REACTIONS 

What we shall have to say of reactions applies to those occur- 
ring in response to any of the specific products of the tubercle 
bacillus, which include therefore all preparations of tuberculiu 
and all emulsions and solutions of tubercle bacilli. If, here as 
elsewhere, we find it convenient in our discussions to speak of 
one or the other of our preparations, it is because our persona) 
observations were made in greater part in the course of their 
administration. 

It has long been known that normal, that is to say. non- 
tuberculous, subjects do not react to tuberculin, even when it is 
administered in large doses, and we find the same to be true 
in the case of our vaccine. A dose of one cubic centimeter of 
the latter, which we gave subcutaneously to an infant two 
months old, without a history of exposure to infection and nega- 
tive to the V. Pirquet test, caused no general disturbance and 
no local reaction at ttie point of injection. While this dose was 
unneces.suri)y large, we have no doubt that even larger single 
doses may be injected without giving rise to reactions of any kind 
in the normal organism. The abject of giving the large doses 
of vaccine iu this and in other eases, was to determine whether 
the antibodies formed in the blood-serum of non-tuberculous sub- 
jects, in response to vaccination, would persist for longer periods 
of time than Ihey do after small doses. We recall, in this con- 
nection, as of historical interest, that Schreiber' injected as 

■ScbkEiber; Deut. med. Woch. IS9I, XVII, 300. 
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much as 5 eg. of old tuberculin in single doses, in newborn babies, 
without causing reactions of any kind. 

Tuberculous individuals, on the other hand, react locally and 
generally, unless the infection is of so recent occurrence that 
no specific bacillary toxins, or not enough, have been absorbed 
into the circulation, or, unless in a later period, a sufficient 
degree of general inununity has been acquired to neutralize the 
effect of the amount of toxin contained in the dose, by causing 
its complete reduction either locally or after absorption into the 
circulation. We have also found in very early cases that reac- 
tions occur to tuberculin, or to similar preparations which are 
chiefly or entirely secretion- or metabolic-products of the tu- 
bercle bacillus, at a time when certain of the body-extractives 
do not yet cause reactions. 

We have on previous occasions referred to our experience as 
indicating a definite relation between focal reactions and gen- 
eral and local improvement. In patients with slighter degrees of 
pulmonary disease, the general improvement and the retrogres- 
sive changes in the tuberculous lesions, after a few doses of 
vaccine, are often of such a nature that they can be accepted 
as sufficient to establish an apparent cure, although no marked 
focal reactions occurred. We have noted, however, that the 
physical signs in these cases did not always disappear as com- 
pletely as we have observed frequently in other cases in which 
marked focal reactions had made their appearance. It seems to 
us that in slighter lesions the tendency to fibrosis was greater 
without the occurrence of focal reactions, whereas, when focal 
reactions were observed, the percussion-note as well as the aus- 
cultatory signs changed rapidly and became normal or nearly so. 

In cases in which the lesions were more advanced or had 
reached the destructive stage, in which general and local im- 
provement had become unmistakable, and the sera of the pa- 
tients had given satisfactory evidence of the acquirement of a 
complete immunity and had proved germicidal in vitro, we noted 
that, unless the specific treatment was continued, the local im- 
provement ceased even though the subjective symptoms had 
disappeared and the general health of the patients seemed to 
be restored. On resuming the specific treatment, after weeks 
or months, we often found that no material change had taken 
place in the physical signs, in the interim, but a further retro- 
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gresaion became evident when the treatment was continued with 
increasing doses. This was the ease particularly if one or sev- 
eral of Ihe doses were followed by focal reactions. Without the 
occurrence of focal reactions, the local changes for the better 
often developed so slowly that it required several months to 
bring about a marked difference; in secreting cavities, we fre- 
quently missed any advance toward their final healing, even 
after prolonged administration of the remedy during which the 
doses had gradually been increased to one cubic centimeter and 
more. Such a alow progress often changed, sometimes quite 
abruptly, in instances in which a marked focal reaction fol- 
lowed upon a decided increase of the dose. It would be easy 
to illustrate these experiences by many detailed case records 
and to meet the possible objection that we were misled by coin- 
cidences, by hundreds of like observations upon tuberculous 
lesions of the upper air passages and of other localities which 
are subject to direct inspection. 

In case a reaction occurs at all to any dose, it is always ob- 
served at the site of the subcutaneous injection, if not to the 
first, then to an increased dose of the specific remedy. In the 
absence of a local reaction, we should seriously doubt the rela- 
tion of fever or of a supposed focal reaction to the dose. In 
cases in which local reactions are accompanied only by slight 
rises of temperature, it is possible that no reactions will be ob- 
served in tuberculous lesions in the lungs or elsewhere ; but while 
these may occur without an increase of temperature, local reac- 
tions are always present. 

With reference to the favorable influence of focal reactions, 
we may add that, in our opinion, they cause an increase of the 
local immunity in the tuberculous tissues and in their periphery, 
and that this is produced through the active hyperemia by 
which the specific stimulation becomes manifest and in conse- 
quence of which the toxic bacillary products are absorbed more 
rapidly. 

The lack of vascularity of tubercle, the dense barrier to rapid 
exchanges between the arterial blood and the tiBSue-lluids in 
fibroeaseouB lesions, or in lesions which are more or less encap- 
sulated, CAU readily explain the aceuinulatton of toxic products 
in tubereuiotis lesions in which no free amboceptors are avail- 
able, because the local cell -receptors are occupied with toxin- 
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molecules, and most if not all of the amboceptors, which are 
conveyed to the lesion with the blood, become bound by other 
free toxin-molecules. With the occurrence of an active hy- 
peremia, the conditions are changed, the accumulated toxin is 
absorbed more freely and rapidly, a greater number of bac- 
teriolytic amboceptors, formed by the local tissue-cells, become 
available and they are more largely augmented by others that 
are present in the blood which gains access more freely while 
the hyperemia lasts. The removal of specific toxins or the bet- 
ter access of specific amboceptors to the lesions, or both, may 
thus stand in relation to the beneficial effects which we have ob- 
served from focal reactions. 

For the information of those who have little or no experience 
in the observation of focal reactions, we may add that their 
anatomical appearance, in the larynx or in other visible lesions, 
in patients under treatment or as observed in the autopsy of 
experiment animals, consists in a vascular turgescence or in a 
congestion which is attended by more or less swelling and is 
sharply defined, being limited to the tuberculous focus or to 
its immediate periphery, or both. In other tuberculous lesions, 
that are not subject to direct inspection, our evidence is of 
course circumstantial, but nevertheless valuable. Objective 
symptoms of a focal reaction in the lung consist in a temporary 
increase of the cough and of expectoration, and tubercle bacilli 
may appear in the latter when they had not been observed 
previously, or there may be a decided numerical increase. 

In pulmonary lesions, auscultation can readily determine an 
increase of the local phenomena, provided the reaction occurs 
in a locality that was not previously the seat of moist rales and 
rhonchi, and provided also that an exact record of former find- 
ings, made before the dose was given, is available for compari- 
son. It is important to bear in mind that the reaction is not 
to be expected throughout the entire tuberculous territory, and 
that the pulmonary lesions which react first and most readily, 
as a rule appear to be those in which the physical signs are 
least marked, which may therefore be presumed to contain more 
recent deposits of tubercles, and hence to be most accessible to 
the circulation. An increase of the auscultatory signs indi- 
cates that the area over which it can be recognized is reacting, 
and the inference becomes clinically conclusive if these in- 
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creased signs liave become less or if they have disappeared 
twenty-four or forty-eight hours later, espeeially if this cyyle 
has been observed repeatedly. 

The signs of focal reactions may appear also over lung-areas 
which have been passed for normal before the administration 
of a specific remedy, probably because the pathological altera-' 
tions were not yet sufficiently marked ; the reaction then aids 
in their recognition. It is therefore always advisable to ex- 
amine both lungs in their entire extent and to include the find- 
ings in the record of examinations. Recent tubercles are often 
present in areas adjacent to those in which marked physical 
signs are found, and they are likely to react first; the soft 
vesicular character of the inspiration then becomes rough or 
slightly harsh, sometimes weaker; and a suggestion of stickiness, 
or even of fine crepitations, may appear. If these are not heard 
during normal breathing, they can sometimes be brought out 
if the patient coughs and immediately thereafter takes a rapid 
deep inspiration. Reactions may occur also in the pleura; and 
manifest themselves by pleural crepitation or friction, with or 
without subjective signs of pain or soreness. 

The results of examination, with a view of detecting reactions 
in the lungs, may leave us in doubt in eases in which the reac- 
tions are very slight and also in advanced cases of phthisis in 
which a diffused bronchial catarrh is present, the signs ef which 
may obscure those due to the reaction. In the former instances 
we repeat the dose before we increase it, and, if in cases with ex- 
tensive catarrhal signs we are unable to satisfy ourselves suffi- 
ciently of the presence or absence of focal reactions by observ- 
ing changes in physical signs, we increase the doses slowly and 
continue our examinations especially over outlying areas which 
may be free from catarrhal signs, and we also wateh the ob- 
jective symptoms, particularly the fever, cough and expectora- 
tion, noting whether they increase and again diminish or dis- 
appear within a day or two after the administration of a dose. 
Excepting in the upper air passages and other external sur- 
faces, the presence of focal reactions is, as already slated, a 
matter of inference from the symptoms and signs which they 
produce. A reaction which causes but a slight local effect 
insufficient in degree to give rise to definite manifestations, 
necessarily escapes onr recognition. 
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A focal reaction may be very transient, or it may take a day 
or several days before it subsides entirely. If the accompanying 
fever is only slight and of short duration, the reaction may not 
be observed while the temperature is elevated. As a rule, we 
find it about twenty- four hours after the dose has been given; 
exceptionally we have observed it in so short a time as six or 
eight hours, and in one case after two hours ; but we have also 
seen it delayed for thirty-six hours. 

The same locality may react a number of times and, after 
failing to do so after a certain dose, a reaction may again 
appear in response to an increased dose. Other lesions, espe- 
cially those in which marked percussion-changes suggest their 
being fibrocaseous or those which are the seat of a cavity sur- 
rounded by fibrous tissue, usually do not react to smaller doses, 
and often not until reactions have ceased and unmistakable im- 
provement is present in most or in all other tuberculous portions 
of the lungs. In the course of specific treatment, we may find 
that the physical signs of the reacting locality improve or dis- 
appear entirely after one or several reactions, that a particular 
locality no'longer reacts after increased doses to which others still 
respond, and that the same then takes place in other localities. 
Ultimately the reactions may be confined to a single locality, 
perhaps the seat of a cavity the secretion of which increases, 
showing many tubercle bacilli when previously there had been 
but few, or their appearance in the sputum when they had been 
absent in several prior examinations ; rales may occur when the 
cavity had apparently been dry prior to the reaction. These 
and other manifestations of focal reactions have sometimes been 
misinterpreted, the observer inferring that the treatment has 
done harm, whereas in reality the reverse is true, the effect 
being one of stimulation which favors the exfoliation of caseous 
material and the healing of the lesion.* 

Focal reactions occur in extrapulmonary tuberculous lesions 
the same as they do in the lungs. They are, however, more likely 
to be overlooked unless they are accompanied by decided symp- 
toms. In our experience, the frequency of tuberculous affec- 

■ Obaervations of this sort have frequently been referred to us by physi- 
cians, some of whom appear to have interpreted the increase of tubercle 
bacilli in the sputum, in connection with a reaction, as a sign of danger 
and as a sufficient cause to abandon further specific treatment. 



2S4 IMMUNIZATION AGAINST TUBERCULOSIS 

tioQs in other organs and parts, which develop in the course 
of the pulmonary disease, is greater than is commonly sup- 
posed. In our last report ' from the Winyah Sanatorium we 
tabulated 1610 tuberculoua affections in other organs and parts, 
which were observed in a total of 2760 cases of pulmonary 
tuberculosis, and afforded us many opportunities of observing 
focal reactions in otlier organs than the lungs. In uot a few 
of these cases our attention was first directed to the extra- 
pulmonary affection by symptoms which appeared after the 
administration of the specific remedy, and the reaction thus 
aided us in their diagnosis. 

Focal reactions upon visible surfaces are recognized more 
readily, and most clinicians are familiar with those which occur 
upon tlie skin and the visible mucosa of the mouth and pharynx. 
We believe, however, that tliey are often overlooked in the nose, 
nasopharynx and larynx, and that many times the presence of 
tuberculous lesions in these parts is not even suspected until 
the disease has made considerable progress, because often they 
are not examined unless decided symptoms have made their 
appearance. 

This is probably the case still more often in tuberculous affec- 
tions of other organs in which we have to depend entirely upon 
symptoms for evidences of reactions, especially when the latter 
are slight and when they disappear rapidly, as is usually the 
case. Inasmuch as wc desire to avoid the occurrence of severe 
reactions and must guard against repeating or increasing the 
next dose before the reaction has completely subsided, it is im- 
portant that we should be co^izant of all lubereulous localiza- 
tions in a given case, and that any reaction which occurs should 
be recognized and considered in the further administration of 
the specific remedy. The upper air passages, and especially the 
larynx, are most frequently the seal of tuberculous changes, 
particularly after the pulmonary disease has reached the open 
stage, and we believe frequent laryngoscopic inspection and 
careful inquiry to he indispensable in respect to all symptoms 
which occur after each dose, especially when this has been in- 
creased. Slight lesions may be bo situaled that the hyperemia 
and swelling, which accompany the reaction, cause no local 
pressure or irritation, or the symptoms may not be sufficiently 

•K. V Ruck iNO 8. v. Ekuk; toe. cil., p. 18 (p. 139). 
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marked to attract attention. Other lesions equally slight, for 
instance, in the eye, upon the epiglottis or vocal cords, cause 
symptoms more readily. 

Extrapulmonary tuberculous localizations may be present in 
the very early stage and may even precede those in the lungs. 
In children whom we vaccinated and in whose lungs no evidences 
of tuberculosis could be found, we observed focal reactions upon 
the mucous membranes of the eye, the nasal septum, the tonsils, 
and upon the skin; also in one case of a fistulous tract in the 
lower jaw, and often in enlarged lymph-glands. The focal reac- 
tions were suflSciently marked, so that we could not have re- 
mained in doubt even if we had not been confirmed clinically 
by the rapid disappearance and healing which followed in most 
cases without further treatment. 

Focal reactions in tuberculous bones and joints may cause 
temporary pain and tenderness which, in the joints, is apt to be 
increased by motion; in superficial joints like the knee, ankle, 
elbow or wrist, they are often attended by more or less heat 
and swelling. Open ulcers in any part, and sinuses and fistulae 
appear inflamed and swollen and their secretions become mark- 
edly increased. Intestinal ulcers often give rise to diarrhea 
during reactions, and, in the cecum and appendix, to sponta- 
neous pain and tenderness on pressure. In the kidneys, pain 
on the side of the affected organs is often well marked as a dull 
aching, and the reaction may cause the presence of red blood- 
cells in the urine as well as an increase of tubercle bacilli, and 
in one case we have observed hematuria. Increased frequency 
of micturition is a common symptom of focal reactions in the 
urinary bladder; localized pain or aching, irritation, tender- 
ness on pressure, and increase of secretion, alone or* combined, 
are the symptoms which characterize focal reactions in any part 
of the body. 

When such symptoms occur in organs and parts which are 
not accessible to direct examination, their repetition and sub- 
sidence after subsequent doses of the specific remedy constitute 
a guide to the further administration of the remedy, and may 
also be accepted as diagnostic. 

Special caution is also required in the fortunately rare cases 
in which subjective or objective symptoms occur, after a dose 
of a specific remedy, which suggest a reaction in circumscribed 



256 IMKUNIZATIOS AGAIKST TDBERCtTLOSIS 

local tuberculous lesions in the central nervous system Acvort] 
ing to our limited experience with such eaiiea, their exdusiou 
from specific treatment or the ahaudonnifut of Ihe treatment, if 
eymptoms occur which indicate a foeal reaction, is not justi- 
fied, although they enjoin caution in regard to doses and to 
their increase. Like other observers, for instance. Browning.* 
we have noted the disappearance of thetie symptoms and the 
recovery of the patient, under the continuation of iipecific treat- 
ment, in several instances in which the occurrence of focal 
reactions in response to the remedy could not be doubted, be- 
cause tiie symptoms appeared and subsided repeatedly, espe- 
cially OD increasing the dose, until they finally disappeared en- 
tirely. We hold that these reactions are analc^ous to those 
which occur iu other organs which are inaccessible to physical 
examination or inspection, and io which we also must depend 
upon objective symptoms for a giiide in adjusting our doses. 

In regard to the advantage or necessity of adjusting our doees 
to the occurrence of focal reactions, we realize that such a 
course is not always possible and that it is not followed by 
many physicians who employ specific remedies with satisfactory^ 
results. Being guided entirely by the temperature records of 
the patient, they conclude that no undue focal reaction has been 
caused if no fever follows or if there is only a slight rise in 
temperature. It must be conceded that this is probably true 
in a majority of instances, but it is likewise true that, if the 
temperature chart furnishes the guide for the increase of doses, 
focal reactions may be infrequent or may be prevented alto- 
gether, especially if, with the object of avoiding fever, the doses 
are kept small or are increased only occasionally and bat slightly 
at any one time. Fever-reactions cannot be prevented with 
certainty if the doses are increas^ed in a proper manner. We 
have, ourselves, observed no harm from them and have, indeed, 
witnessed the most remarkable local and general improvemeu* 
after unexpected severe reactions which were accompanied by 
temperature rises of from two to five degrees Fahrenheit. 

The fear of reactions dates back to the first introduction of 
old tuberculin, and any one who is familiar with the medical 
literature, or who had personal part in the experiences of that 
period, will remember that harm appeared to have followed 

'Chas. C. BaoWNma; Medical Eccord; 1914, LSXXVI, 325. 
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occasionally upon the large doses employed at first, in cases 
which could not be considered to have been unsuitable for spe- 
cific treatment In the chapter dealing with prophylactic vac- 
cination, we referred to the conflicting views of other observers 
in regard to general and focal reactions, and we again remind 
the reader that beneficial effects of focal reactions were recog- 
nized by numerous observers at an early period after the intro- 
duction of tuberculin; they were first observed in lupus by 
v. Bergmann, and soon thereafter by others, especially in the 
prompt healing of open tuberculous ulcers and sinuses after 
a decided focal reaction had occurred. 

Although we have, so far, seen no harm, and, as a rule, only 
beneficial results following upon reactions even if they were 
marked, we still guard against severe reactions, especially at the 
beginning of the treatment and in cases where our preliminary 
investigations or subsequent observations suggest caution, either 
because we find extensive disease, particularly evidence of much 
recent tubercle-formation, or because, the patient being delicate, 
weak or much under weight, we do not wish to take the risk of 
causing a loss of appetite and of weight even temporarily, which 
is likely to supervene when the reaction is attended by marked 
and prolonged fever. 

Upon the basis of our firm belief that moderate focal reactions 
not only are not harmful, but that they are valuable for the 
stimulation of retrogressive changes and of healing in tubercu- 
lous lesions, and that excessive or continued focal reactions can 
usually be guarded against by careful observations, we increase 
our doses more or less rapidly, or we repeat them as long as 
a focal response occurs. When no further response to a given 
dose is observed in the tuberculous focus, the fact is confirmed 
by the absence of the local reaction at the site of the subcutane- 
ous injection. 

In very early cases in which the tubercles have not reached 
large conglomerate forms and have not yet developed into fibro- 
caseous infiltrations or discrete caseous or fibrocaseous foci the 
accumulation of toxic products within the lesions cannot occur 
as readily as in more advanced lesions. The tissues permit a 
better and freer exchange of lymph and blood, directly or by 
osmosis, and are thus subjected to the action of the free am- 
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boeeptors of the body-fluids in a degree which may suffice to 
cause tlie luberclea to become i-etrogryssive or to disappear en- 
tirely without focal reactions liaviiig otiiurrtid which were suffi- 
ciently marked to be recognized. 

According to our observations, the degree of the reactions, 
which follow the administratioii of the body -extractives of the 
tubercle bacillus, appears to be influenced by the age of the 
preparation, and probably also by its mode of manufacture, 
and by subsequent exposure to varying degrees of temperature. 
The fresher the prepai-ation is, the more power does it seem 
to possess to cause reactions. This power is preserved longer 
if the preparation is kept cool than if it is kept at room-tem- 
perature. We may explain this, as does Ehrlich, by the spon- 
taneous conversion of the toxin into a less poisonous or a 
non-poisonous "toxoid," Ehrlich observed that this conversion 
takes place more readily under the influence of warmth and 
of age, but also that the production of antitoxin to the admin- 
istration of the toxoid form of diphtheria toxin occurs the same 
as it does in the case of the unchanged toxin. This would con- 
form with our observation that a maximal degree of general 
immunity develops regardless of the occurrence of marked reac- 
tions, 

When our vaccine is kept at room, temperature for several 
months, it shows a distinct loss in its power to cause reactions, 
although tliat of stimulating the fonnation of specific antibodies 
remains unimpaired ; the same is true, in a lesser degree, for the 
keeping qualities of our Watery Extract, If kept in a refrig- 
erator, both preparations retain their reactive power undimin- 
ished for a year and probably for a longer period. The changes 
that are responsible for this loss of reactive power may be due 
to a simple hydrolysis; in our estimation they occur in conse- 
quence of an autolytic action, because it is not possible that 
the necessarily present specific ferments of the bacterial cells 
have been destroyed by heat or chemicals under the precautions 
which we employ in their preparation. We believe this view 
to be supported by the common observation that preparations, 
in the manufacture of which heat is employed, show no such 
changes regardless of the temperature at whieh they are kept. A 
specimen of Koch's old tuberculin, which was made in 1891 
and kept by us for twenty years at ordinary room-temperature. 
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still caused general reactions in the same doses that were effective 
at first, and the same was true in the case of certain extractives of 
tubercle bacilli, obtained by us ten years before by prolonged 
boiling, which had not been kept at a refrigerator-temperature. 

Finally we find that the ferments, which are concerned, have 
an intracellular origin, because no change could be observed by 
us in tuberculin which we made by concentration in vaciu) at 
a low temperature, or in Bouillon Filtr6 which represents the 
unheated bouillon upon which tubercle bacilli have been grown, 
and in which the presence of intracellular ferments of tubercle 
bacilli could not be expected. 

The reactions which we have described were produced with 
preparations obtained from tubercle bacilli in their compara- 
tively fresh state. 

The subject of specific reactions in infectious diseases is of 
such great importance for an understanding of their etiology, 
diagnosis and specific treatment that a further discussion of 
their origin, significance and influence appears justified, with 
special reference to bacteriolytic immunity in tuberculosis, al- 
though much of that which is relevant has been considered in 
the present and in other chapters. 



SPECIFIC REACTIONS IN TUBERCULOSIS IN THE LIGHT 

OF BACTERIOLYTIC IMMUNITY 

The first parenteral introduction into the organism of foreign 
proteins and of certain lipoids is borne in comparatively large 
amount without producing manifest local or general symp- 
toms. These foreign substances seem to awaken and to stimu- 
late a latent function which is designed for the protection of 
the organism against the injected foreign substance; through 
it the organism can dispose of this substance more rapidly and 
completely when the introduction is repeated. The function re- 
quires a variable number of days to develop and, when it has 
reached its maximum, the organism can split and reduce a cer- 
tain amount of the foreign organic substance promptly and 
completely. When the injected amount exceeds the limit, the 
reduction is not complete and then takes place gradually and, 
step by step, the injected material is subjected to cleavage in 
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tlio blood and tissues, resulting in intermediary, so-called split- 
products which are more or less poisonous and irritant in na- 
ture, and which cause local and general phenomena, designated 
as reaction. The severity of the reaction appears to vary with 
the nature and source of the foreign organic substance which ia 
commonly spoken of as antigen. 

When this antigen is blood serum from another species of 
animal, the reaction to the second parenteral administration may 
he very severe and may cause the immediate death of small 
experiment animals, by what is called anaphylaxis. Anaphy- 
lactic symptoms have long hcen known in the huraau subject and 
have heen observed in various degrees after the repeated admin- 
istration of antitoxic sera. Similar but less severe symptoms 
and signs of reaction are observed after the injection of pro- 
teins and lipoids from other sources, notably from bacteria. 

The reactions under consideration are strictly specific, and 
it is necessary for their occurrence on a subsequent parenteral 
introduction that the foreign substance or antigen be identical 
in its molecular and atomic constitution with tliat which was 
used for the stimulation of the function responsible for the 
occurrence of cleavage. The tuberculous nature of an e:£i3t- 
ing infection can he established by tlie administration of suffi- 
ciently large doses of a bacterial antigen. If this is identical, 
the injection will cause a reaction ; if it is not identical, no reac- 
tion will follow, because, in that case, the injection is in fact 
a first parenteral introduction of the antigen and no clinically 
manifest reaction occurs to it. 

The same laws appear to govern the absorption of bacterial 
proteins and lipoids in the animal organism and the whole theory 
of bacteriolytic and bactericidal immunity is based upon them. 
The positive result of a tuberculin test represents a specific 
identification of a bacterial protein. For the reaction to occur, 
the organism must have acquired the function of splitting and 
reducing the particular proteid substance which is contained in 
the teat fluid. A positive reaction does not, however, indicate 
that the function extends to all proteins or lipoids of the bodies 
of the bacilli, or to all products of their metabolism or secretion, 
nor does it signify that all of lliem were present in the test- 
fluid. A reaction can occur as long as an identical relation 
exists with one of them. If the function has become active and 
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efiScient for others which are not present in the test-fluid, or 
if the latter contains substances for which the function is only 
latent and therefore not manifestly effective, no reaction will 
occur to their introduction because, in one case, the substance 
which could be split or reduced is not present, and in the other 
case the function is only latent or is not developed suflSciently 
to cause the reaction. 

In order to make sure that the organism has the power to 
split and reduce all toxic products that can be derived from 
tubercle bacilli, it is necessary to make separate tests with the 
individual toxic products, which must be isolated upon a bio- 
logical rather than a chemical basis for the sake of exactness. 
Our studies with tuberculin and with the several proteins and 
lipoids, as we have been able to isolate them chemically, have 
shown, however, that the tuberculous organism can react to one 
of them and fail to react to the others. Our biological studies 
have confirmed the correctness of our view that the spontaneous 
acquirement of bacteriolytic immunity against the tubercle ba- 
cillus and its several constituents is accomplished slowly and 
gradually, and that it is frequently only partial and usually of 
a low degree; our experiments upon animals which we treated 
with fractions of proteins and lipoids, as they are present in our 
vaccine, appear to show that, in order to produce resistance to 
infection, bacteriolytic amboceptors must have been formed 
against all body-constituents of the tubercle bacillus. 

Although our knowledge of the chemistry of the tubercle 
bacillus is still incomplete, the results of our own studies and 
of those of others have proved that its proteid and lipoid con- 
stituents are numerous and of highly complex constitution. 
They diflfer broadly in that some of them are products of living 
bacilli and that others are body-substances which may be ob- 
tained after their death. For extraction in vitro, some of the 
latter substances appear to require solvents which are not natu- 
rally present in the animal and human organisms, while others 
are soluble more or less readily in water and in normal salt 
solution ; still others require an acid or an alkaline medium. 

While we are not unmindful of the fact that the solubility 
or disintegration of tubercle bacilli in vitro and in the living 
organism need not be identical processes, and that the organ- 
ism may have other resources to prepare the bacilli for absorp- 
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tion, it is to be remembered that tbese means are uot present 
normally, but that they must be acquired speeifieally. 

In applying the accepted theories of bafteriolytie imuinnity to 
the study of specific reactions of the tuberfulous organism in 
response to the injection of specific products of tlie tubercle 
bacillus, it appears that the tissue-cella, which possess suitable 
receptors for them, have a wide and general distribution in the 
body. This is shown by the localization of tuberculous processes, 
which may occur in any organ but is particularly frequent jn 
connective tissue. It is also the connective tissue in which local 
reactions are induced most easily, and our observations have 
caused us to conclude that specific amboceptors against the 
products of the tubercle bacillus originate in a large measure 
from the cells of this tissue. These studies also demonstrated 
that a local immunity ean develop and that it may increase over 
and above the general immunity which has been acquired by 
the blood or by other normal or tuberculous tissues. 

It is a general obser\'ation in tuberculous subjects that local, 
general or focal reactions to a certain dose of tubercle bacillus- 
toxin grow less after successive injections, and cease entirely 
unless the doses are increaseii, and that in time these toxic prod- 
ucts may fail to cause reactions even if the doses are doubled 
or increased still further. For local reactions, this stage is 
reached more quickly when several successive doses are injected 
in the same place; in this case we find that the same and often 
a much smaller dose will induce them in a new locality in which 
no previous injections have been made. It is therefore evident 
that something intervened which prevented the reaction in the 
non-reacting locality. Such observations used to be explained 
by the convenient tenn of toleration: in the light of specific 
bacteriolytic immunity, Ihey mean that the injected toxic prod- 
uct is intercepted and bound by amboceptors which are specific 
for it, and that its local and general action is prevented by its 
prompt and complete reduction. In consequence the beneficial 
effect of the dose or of .several doses may be lost. This does 
not occur in the new locality, because there the local immunity 
has not reached the same degree. 

Like observations may be made by repeating the experiment 
in other localities which have not been used for suhciitaneouH 
injections of the specific toxic substance; n gradual incri'ase of 
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the local immunity will be tound to develop in new localities, 
and in time larger doses will be required to produce a reaetion 
at any new site. 

Tile theory which aasumes an overstimulation at the sit* of 
repeated injections has not escaped our consideration in at- 
tempting to explain clinical obser\-ations ; but it had to be 
abandoned when it could be shown that the reactive power of 
the cells, to produce specific amboceptors, was not exhausted or 
paralyzed, since local, genera! and focal reactions agipeared again 
when the doses were increased suftieiently. Our exjwrieueea in 
this respect are so numerous and were accumulated in the 
course of so many years of observation that we cannot doubt 
the truth of the facts as they are stated, and they can easily 
be verified. These observations can also serve to explain the 
occurrence of unexpected severe reactions in case an injection 
is made at a new site, and of failures in obtaining satisfactory 
clinical results under specific treatment, as well as in attempts 
of experimental immunization in animals. 

Our explanation, that the toxic substance ia actually bound 
and reduced to its simple elementary constituents, is supported 
by our uniform experience that febrile or focal reactions never 
occur to the subcutaneous administration of our vaccine in cases 
in which there ia an entire absence of local reaction, whereas 
they may be observed when a smaller dose is injected in a 
new locality, which then also reacts to the injection. It appears, 
therefore, that a local immunity may develop at the point where 
a specific product of tubercle bacilli is present in a more con- 
centrated state, or in larger amount, or both. If this is the 
case, the same may occur in tuberculous lesions when the con- 
ditions are favorable, and it may account for the rapid healing 
which we have observed after injecting the specific remedy di- 
rectly into the tuberculous lesion or in its periphery. The 
increa.se of the local immunity can also explain the beneficial 
effects of focal reactions, and the local development of inmiunity 
may stand in relation to the presence of healed or healing lesions, 
which are frequently found in autopsies of subjects that have 
died of other diseases. A study of the recorded findings shows 
that, as a rule, such lesions are minute, indicating that the local 
immunity must have developed at an early period, probably 
before the immunity became general. Such an occurrence may 
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be favored by a reduced virulence and a low degree of growth- 
enei^y of the tubercle bacilli, ■or by a latent specific resistance 
which may have been acquired by previous inhalations or inges- 
tions of non-virulent bacilli which reached the lymph-glands, 
or by transmisBion in utero. The necessary condition is that the 
latent specific resistance becomes activated and that the body- 
substances of Home of the bacilli, which entered the tissues, 
thereby become available to the local cells and enable them 
to produce and increase tlieir specific bacteriolytic ambo- 
ceptors. 

A greater degree of imraunity in lot^al lesions may also ac- 
count for spontaneous healing or for non-extension of the disease 
at later periods, and the insufRoiency of the general i mm unity 
may explain the development of fresh tubercles at a distance, 
when none are found in the periphery of the local disease, or 
when the latter is evidently non- progressive or shows marked 
evidence of healing. 

The results of our studies indicate that the mechanism of all 
specific reactions in tuberculous subjects is the same, and that 
all of them arc conditional upon the presence of specific hac- 
ttriolytie amboceptors for one or all the toxic products of 
tubercle bacilli, and upon the presence of a greater amount of 
the particular toxic product than can be reduced to that ele- 
mentary stale in which it is no longer foreign to the tissue-cells 
and the blood. Unless these conditions are complied with, no 
reaction to the specific toxin can occur, either at the site of its 
introduction, or in the blood, or in tuberculous tissues. 

Summiug up the preceding remarks, it may be said that : 

1. Local reactions occur in tuberculous subjects after the sub- 
cutaneous introduction of a sufficient amount of a toxic product 
of tubercle bacilli, because the tissues have spontaneously ac- 
quired a certain degree of immunity through the absorption of 
an identical toxin into the general circulation, which was fol- 
lowed by the development of specific amboceptors in the several 
tissues, the cells of which possess fitting receptors for the toxin. 
The local reaction depends upon the presence of the injected 
toxic substance in such an amount and concentration iJiat the 
amboceptors in the tissues are inadequate to reduce it completely 
into its elementary simple constituents. 

Since the disintegration of the toxic substance is then incom- 
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plete, intermediary or so-called split products of its cleavage 
accunmlate and manifest their presence by a toxic action and 
irritation upon the local tissue-cells, which varies in degree and 
intensity, according to the amount and the degree of reduction 
which has been reached, and according to the derivation of the 
split products from one or the other of the bacillary toxic 
fractions. The size of the reacting area depends upon the local 
diffusion of the split products. 

If no local reaction is produced by the injection of a certain 
dose of the specific toxic product, two explanations are possible. 
Either the identical toxin has previously not been absorbed in 
suflScient degree to cause the general development of specific am- 
boceptors, or these were quantitatively and qualitatively ample 
to reduce the injected 'toxin completely into its elementary, 
non-irritating and non-toxic constituents. The validity of one 
or the other of these explanations will be shown by injecting an 
increased dose at a new site. 

2. The occurrence of general reactions after the subcutane- 
ous injection of a given toxic product of the tubercle bacillus 
depends upon the absorption of the latter into the blood, either 
in its unchanged or in a partially reduced state. If the reduc- 
tion has not been fully completed by fitting amboceptors at the 
site of injection or in the blood, the intermediary split products 
cause toxic irritation of the nerve-centers, to which these respond 
with fever, general malaise and other symptoms. The degree of 
the general reaction depends upon the presence in the blood 
of split products in sufficient amount for a sufficiently long time ; 
the reaction subsides with their disappearance by being bound 
or reduced further in normal and tuberculous tissues, or by elimi- 
nation through natural channels. 

If the available amboceptors in the local tissues are ample 
in quantity for the whole dose and for all its fractions, a com- 
plete disintegration takes place, and no split products reach 
the circulation. In the contrary case, more or less of the admin- 
istered dose is absorbed and is then subject to reduction in the 
blood. 

Inasmuch as the specific amboceptors of the blood are not 
likely to differ qualitatively from those which are present in 
the subcutaneous tissue, the reaction is similar, and split prod- 
ucts, which were absorbed from the subcutaneous injection-site, 
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are not apt to be reduced furlher in the blood, allhougli un- 
chan^d toxin may undergo cleavage. 

3. Focal reactions depend upon the entrance of an amount 
of toxic substances into the circulation, which exceeds that which 
may be reduced completely in the blood or in the tuberculous 
leeiona. When toxic products are present in the blood, they are 
in a state of great dilution and do not reaeh the individual 
tuberculous lesions io a coueentrated fonn. Under favorable 
conditions, specific amboceptors may be present in large amounts 
in the local lesions; the smaller amount of toxin which is con- 
veyed to them with the arterial blood may then be reduced com- 
pletely by reason of the local immunity being (inanlitatively 
and perhaps also qualitatively greater than that pertaining to 
the blood. It is therefore pos,sible that the general reaction 
is not accompanied by a focal reaction, although this is often 
the case. With the occurrence of a focal reaction, split products 
are absorbed from the reacting lesions, ajid these may inteuMfy 
or prolong the general reaction, or may be solely responsible 
for its occurrence. 

General and focal reactions may occur spontaneously under 
the same conditions which govern their appearance after the 
diagnostic or therapeutic administration of specific bacillary 
toxins. The general reaction then depends upon the absorption 
of unchanged toxin or of split products from tuberculous lesions 
which are in a state of reaction from incompletely reduced toxins. 
We believe that the catarrhal signs and the febrile phenomena 
in the early stage, as also those which occur in the course of 
phthisis, originate in this manner. 

In connection with the subject of specific reactions, and their 
relation to split products, we must refer to the experiences of 
authors who could not produce the same local and general reac- 
tions in normal animals, after the injection of specific remedies, 
as they are observed in tuberculous animals or in tuliereulous 
human subject,s; yet such reactions must be expected to occur 
if our hypollie-sia Ls correct. We find indeed that local and 
febrile reactions can be pro<luced in partly immunized, non- 
tuberculous animals, and that this is likewise the ca-se in appar- 
ently n on- tuberculous human subjects. We have succeeded more 
often in animals when we administered the toxin intravenously 
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auti in large doses. The development o£ a local irauiuoity a; 
Ihit aife of subculaiifoiis injcctious lias no doubt coatribiitctl 
to the failures which we and others have observed, inasmucl. 
as in small animals, which receive numeroufi injections for treat 
ment, most of the skin surface available for a cutaneous tesi 
has previously served for injections of the specifie toxin, and 
positive results of such a test were then apt to occur only in 
exceptional cases. We have, however, observed reactions with 
sufficient frequency, in the course of the subcutaneous treat- 
ment of animals with vact-iue, that we would expect more uni- 
form success if we could devote the necesBary time to the study 
of the subject. In the summer of 1913, we IrieJ to take advau 
tage of the common understanding that only actually tuberculous 
animals could react positively to a v. Pirquet teat made with old 
tuberculin, because we had found so much spontaneous genuine 
tuberculosis in our animals that we wished to eliminate the 
affected animals by testing them cutaneoualy with tuberculin 
after the method of v. Pirquot. On killing and examining, with 
great care, the animals which had shown positive reactions. 
we found that some of them were absolutely free from genuine 
tuberculous disease, but also that Ibis was the case only in ani- 
mals which had previously been treated with vaccine; all other 
animals, which had reacted positively but had not been treated 
or infected by us, were found to have genuine tubercles in their 
organs. Our observations correspond therefore with those of 
Much & Leschke and of A. Jousset, who have observed positive 
cutaneous reactions in animals previously treated with products 
of the tubercle bacillus. 

A number of animals, both treated and non-treat«d, which had 
not reacted to the cutaneous tuberculin test, were also killed, 
in order to determine the reliability of our observations. All 
were free from tuberculosis. The failure of some of the treated 
animals to react was then attribuled to the development of a 
degree of local immunity sufHcieut to prevent the reactions, a 
view which could be substantiated further by the demonstration 
of specific amboceptors in their sera. 

The subject of specific reactions is, we believe, of -sufficient 
practical importance that an illustration of our own personal 
observation may be justifiable by the details from the clinical 
records of a typical case. 
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Mr. N. N.; age 26; admitted to tho Winyah Sanatorium, October 5, 
1913. PbjBicul examtDHtion bHowb: a tub«rciiloiiB nITection in the right 
upper lobe, including & small Hocrcting cavity, and slighter inGltration 
involving tho left apex. Temperature 98.2° to S9.2° P.; moderate cough; 
expectoration about 10 cc. in £4 hours; ugualij early in the morning. 
T. B. found In Hputuin. Patient Lb in a fair state of nutrition and strength. 
Weight 138 lbs. Ijaryni ahon's infiltration of posterior wftll. No other 
complications. 

Oct. If, I91S. First dose of varcino, 0.2 oc, subcut^eously in left 
orm, caused marked local reaction. Temperature 101° F.; focal rcaetion 
in both lungs; negative in larynx. Expectoration 20-30 ce. on day of 
reaction, all sigiia of which disappear 43 hours aft«r adinisistratioi) of the 

Oct. 17, 191S. Second dose, 0.2 cc. subcutsneotisly, same arm. Slight 
local redness and soreness at injection site; no focal reaction; no riM ia 
temperature. Eipei^toratJon about 10 cubic centimeters. 

Oct. se, 1913. Third dose, 0.3 cc, la right arm. Marked local reactiOD; 
temperature 100.5° F.; focal reaction marked in left, slight in right lung; 
larynx negative. Expectoration 20 co. ; T. B. found. 

Oct. 17, 1913. Fourth doae, 0.2 cc, in right arm. No reaction. Ex- 
pectoration slight; could not be collected. 

Oct. SO, 1913. Fifth dose, 0.4 cc, in left arm. Moderate local reaction; 
focal reaction in both lungs; larynx negative; temperature 100° F. Ex- 
pectoration 20 ce. 1 T. B. found. 

Nov. 4, 1913. Sixth dose, 0.4 cc, in left arm. No reaction; slight in- 
crease in expectoration. 

Physical eigne in left lung decidedly improved. Weight 142 lbs. 

Nov. 9, 1913. Seventh doae, 0.2 cc, in right aide of chest, anteriorly. 
Marked local reaction; focal reaction in right, slight in left lung; larynx 
negative. Temperature 100.2° P. Expectoration 25 cc 

Nov. 14, 1913. Eighth dose, 0.2 cc, in left aide of chest. Slight looal 
reaction; focal reaction negative in lungs and larynx. No change in ex- 
pectoration, irhich is very scant; no T. B. found. 

Nov. 19, 1913. Ninth dose, 0.4 cc, in right aide of chest, posteriorly. 
Marked local reaction; marked focal reaction in right lung; negative in 
left lung; well-marked turgescenee of inSltration in posterior wall ol 
larynx, including both vocal processes; sense of irritation in larynx. Tem- 
perature 100° F.; cough increased; expectoration about SO cc.; T. B. 

Nov. 14, 1913. TenUi dose, 0.4 cc, in left siile of chest, posteriorly. 
Slight local reaction; doubtful focal reaction in right lung; left lung and 
larynx negative. Temperature normal. Expectoration not enough to be 
collected. 

Nov. SO, 1913. Eleventh dose, 0.5 cc, in right thigh. No reaetiona. 

Examination of lungs; liight lung, cavity dry, area of physical signs 
greatly diminished; left lung, no aigna; larynx infiltration appears leas. 
No cough; no sputum. Weight 146 lbs. 

Dec. 3, 1913. Twelfth doae, 0.8 cc, in upper port of abdomen. Marked 
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local reaetioii; focal reaction in right lung over cavity (r&les on coughing) ; 
left lung negative. Larynx marked reaction; hacking cough; no expectora- 
tion. Temperature normaL 

Dee. 8, 1913. Thirteenth doBe, 1 cc., in left thigh. No reactions. 

Dee. 12, 1913, Fourtemith doBe, 1.5 cc., in right side between shoulder 
blades. No reactions; temperature normal; no cough; no expectoration; 
weight 151 pounds. 

Physical examination: Right lung, marked retraction subclavicular over 
eavityy over which, and surrounding it, the percussion-note is short. 
Bronchial blowing is heard with expiration over the cavity; the inspiration 
is harsh over its periphery and lapses gradually into an exaggerated and 
normal vesicular quality in the second interspace. Posteriorly the findings 
are similar but less pronounced. The left lung appears normal. The 
larynx infiltration has disappeared. Patient is dismissed as apparently 
recovered, 68 days after admission. 

Examination, May If, 191S, 18 months after discharge: No change, 
except that retraction on right side is more marked; 1 cc. vaccine fails to 
cause reaction. General condition good; temperature normal; no cough; 
no expectoration. Weight 156 pounds. 

Jn this connection another case, now under treatment, is also of' interest. 
The examination of this patient shows a moderate degree of lung involve- 
ment, and also a tuberculous ulcer upon the mucosa of the left cheek and 
an erosion upon the left half of the lower lip. The ulcer is typical, and 
miliary tubercles can readily be seen in the edges. It was diagnosed and 
confirmed as tuberculous, by the physician who referred the patient to us, 
on histological examination of a piece of tissue excised from ^l^e ulcer. 
The patient had received four doses of vaccine, subcutaneously, of 0.1, — 0.2, 
— 0.3, — 0.4 cc, to the first and third of which he had shown moderate general 
and marked focal reactions in the lung; but no reaction occurred in the 
ulcer, which was painful and annoying. In order to produce a curative focal 
reaction, 0.05 cc. of vaccine was injected locally into the edge of the 
ulcer. A severe focal reaction followed, causing marked swelling, heat 
and redness of the entire cheek, as well as of the ulcer and of the sur- 
rounding mucous membrane, which was accompanied by fever. The ulcer 
then became clean, it was nearly healed at the end of one week, and 
caused no further discomfort after the reaction had subsided. The erosion 
of the lip healed, although the lip did not participate in the focal 
reaction. 

Seven days later the patient received a second slightly larger dose, which 
was injected locally, as before, and was followed by an equally severe 
reaction in which the left side of the lower lip participated, there being 
a sharp line of demarcation at the median line. The temperature reached 
101.5^ F.; but the fever and the focal reactions subsided more rapidly 
than on the first occasion. 

With the subsidence of this reaction, granulations had filled the more 
deeply excavated parts of the ulcer, and the surface was covered over 
smoothly by the mucosa. 
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One case of tuberculosis of the knee joint was of interest on aeeoont 
of the coexistence of nn old encrusted lupus on the corresponding leg, 
which had involved the greater part of tlie cutaneous surface, in addition 
to a moderate infiltration of one lung, which however bail caused no qyTup- 
toms. The knee joint nas enlarged, sivollen, and suflicienttj painful on 
walking to oblige the patient to use crutches. The swelling showed little 
fluctuation and was more suggestive of massive granulations than of a 
Suid exudate. 

This patient had received onlj tliree doses of vaccine when the joint 
appeared to be normal in all respects. Tlie injections were made in Um 
neighborhood of the diseased joint. The Srst two doses caused serere 
reactions attended by fever, increased swelling, beat and tenderneia of tbe 
joint; during this time the patient was unable to use the limb without 
severe pain; the lung-lesions reacted only alightlj, and no reaction w.is 
noted in tho akin-lupus, although the crusts disappeared aft^r severiil addi- 
tional doaea of vaccine hojl been given, and then the lung-lesions also 
disappeared. The patient, who has been under our eonatant observation 
since treatment, two years ago, has suffered no relapse and ia in perfect 
health. 

Wo have proceeded in tho same manner in other tuberculoua ulcers of 
accessible mucous membranes, mailing the injections in the neighborhood 
□f the lesions, or by administering the vaccine intravenously and also 
in tuberculous affections of bones and joints, lyinpb- glands, peritoneum, 
genitalia, and in sinuses and flstulu;, always with rapid and eatiafactory 
results whenever we were able to cause decided focal reactions. 



THE VALUE OF SPECIFIC TREATMENT 

We have stated repeatedly Ihat cases presenting non- 
complicated, purely tuberculous proces.ses coostilute the really 
eligible ones for specific treatment. We see the confirmation of 
this assertion constantly in daily practice; it is evidenced by the 
pei'manency of the ultimate results in these cases, and also by 
the rapidity with which clinical results can be secured. We 
have shown likewise that, when the tuberculous changes are in- 
cipient or only slight, a single full dose may be effective and 
sufficient to cause the disappearance of all signs of tuberculous 



Only in this early stage is it possible to demonstrate the ftdl 
benefits of specific treatment by the uniformity of the re.^ults; 
the fact that snch cases often do well without it does not at 
all justify a skeptical attitude or furnish an pxchhc for first 
awaiting the outcome of dietetic, hygienic and climatic treat- 
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meiit. The facts are that a considerable number of early-stagy 
cases fail to make an apparent recovery, and that a still larger 
number rela|isf. pvcii afti-r many inonths of general Ireatment. 
and that then tjicy must (re trcateil again; but in the meanwhile 
they have passed into a laor*- advanced stage which offers less 
prospect of sucecfis. In these eases nothing was really accom- 
plished by the general treatment beyond a temporary general 
improvement and subsidence of symptoins. 

The success of the treatment is all too frequently measured 
by the number of pounds which the patient may have gained in 
weight, instead of by the local improvement shown by the dis- 
appearance of physical signs, or by the retrogression of the 
disease, as it may be inferred from the character of those signs 
which still persist. The weight-gain is often particularly mis- 
leading in patients of the poorer and laboring classes, after they 
are brought under favorable conditions, as for instance, when 
they enter public sanatoria or hospitals. These patients have 
often been living under more or less unsanitary conditions, on a 
poor or insufficient diet, and have been working until the hour 
of their departure from home. The better food in the sana- 
torium is tempting to them ; they eat more and with better relish ; 
they are relieved, may be for the first time in years, of the 
necessity of stress and toil; they enjoy a vacation under whole- 
some guidance and advice which prevent excesses and injury, 
and in consequence the progress of the disease slackens or stops, 
and the symptoms improve in proportion. The weight-gain 
very naturally affords the most striking and manifest evidence 
of this improvement. After these patients are discharged from 
the sanatorium in which they may have spent three, four or more 
months, relapses are not necessarily to be expected the moment 
they return to their previous environment and to their former 
mode of life; on the contrary, the disease may now remain 
quiescent or even become retrogressive, provided exciting causes 
do not intervene through which the tuberculous process is re- 
kindled. In other wonls, having experienced, before admission 
to the sanatorium, an acute exacerbation of their disease, which 
led them to seek medical advice, and having overcome it by 
several months of a suitable regimen under favorable conditions, 
the patients are now again where they were before their symp- 
toms caused them to seek aid. The experience of the first decided 
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aclivify of tlie previously quiesccut disease, ami the iiislnictions 
received iii the sanatorium while under treatment for s time or 
permanently, may increase the cautions whieh are to be prac- 
tised in order to prevent relapses, and it is possible that a last- 
ing recovery may result. An attack of influenza, however, or 
an accidental espoKure to cold, stress, strain, dissipation or dep- 
rivation, occurring before the recovery has advanced far enough 
or has buen established definitely, may bring on a new relapse, 
and this the more surely the shorter the time is that nature 
has had in promoting the process of final healing, which is always 
slow when unaided by suitable treatment. 

Such improvements, which may simulate cures, nmy occur 
again and again after more or less marked relapses, and it was 
in observations of this kind that the dictum "ouce tuhereulouR. 
always tuberculous" had its origin. Physicians who depend 
upon climatic influences recommend permanent residence in the 
favorable climate for the same reason, in order to eliminate 
unfavorable climatic factors which may be responsible for 
I'elapses. 

Those who. like one of the writers, have treated pulmonary 
tuberculosis for years, before even a correct conception of its 
etiology had been obtained, and thereafter with various meas- 
ures, in addition to the hygienic, dietetic and climatic methods, 
in the way of germicides and of other agents, chiefly chemical, 
and who have obsei-ved and followed their cases after discharge, 
rcalizp that the results whieh can be obtained with the advan- 
tages of specific treatment were not possible of attainment at 
that time. Others, who still hesitate to consider the specific 
treatment which is ctiologioally correct, must realize that their 
results fall behind so greatly in the percentages of apparent re- 
eoverios and an-estnients of tuberculous disease and in the per- 
manency of results whieh follow on the addition of specific 
treatment, that it should cause them at least to give a fair trial 
to a method whieh accomplishes so much more, even in the hands 
of general practitioners who make no pretensions of being ape- 
eially equipped or skilful in the treatment of tuberculosis, but 
who accept and manage the cases of this disease in the ordinary 
course of practise, just as they accept and treat all others. If. 
with the adoption of specific treatment in nneomplieated early- 
stage cases, the results are judged not only by the amelioration 
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of symptoms but also by the comparison of carefully recorded 
physical signs before, during and after the treatment, it will be 
realized that the specific treatment leads to prompt recovery in 
practically every case of that stage, without the mistaken special 
dietetic and hygienic regimen which consists in stuffing the pa- 
tients with milk and eggs, or in exposing them to wind and 
weather, upon the fallacious theory that milk and eggs have some 
mysterious therapeutic or nutritive virtues which accrue more 
particularly to tuberculous persons, and that tuberculous indi- 
viduals are peculiar in needing to live out of doors by day and 
by night, in order to improve and get well. Extremes are ap- 
plicable in medicine as little as elsewhere, and therapeutic 
methods that have degenerated into fads have thereby lost their 
usefulness, because this fact prevents the necessary individuali- 
zation in applying methods which were originally designed to 
assure, for the tuberculous patient, the best possible nutrition 
and a constant and complete ventilation of his respiratory 
organs. 

In cases that have advanced lesions, the value of specific treat- 
ment lies, in our opinion, chiefly in the completion or increase 
of an existing specific immunity or resistance to the tubercle 
bacillus, and thereafter in focal stimulation, by which an in- 
crease of local immunity and the healing of the tuberculous proc- 
esses may be secured. As to the former, we find that a consid- 
erable number of patients have acquired, spontaneously, a suffi- 
cient degree to hold the disease in check ; at all events, specific 
antibodies are found more frequently in the sera of patients 
whose physical examination gives evidence of destructive changes 
than is the case in the early stage. Further, their sera show 
a greater bactericidal power in vitro, as is evident from the 
greater duration of life which we noted in the autopsy-records 
tabulated on pp. 366 and 367, of animals infected with tubercle 
bacilli exposed to the action of serum taken from the more ad- 
vanced class of patients, before specific treatment was employed. 
In the light of the pathology of tubercle and of the clinical course 
of tuberculous disease, this is to be expected ; if the specific re- 
sistance also can be transmitted, or can be acquired during fetal 
life, as our studies of sera taken from infants at birth and at 
various periods thereafter appear to indicate, it is still easier 
to understand the variability of the clinical course of tubercu- 



274 IMMUNIZATION AGAINST TUBEBCUL0SI8 

losis, and to appreciate why, iu some instances, espoeure is not 
followed by infection at all, why in others the infection is not 
followed by eliniual disease, and finally why in still others more 
or less prompt improvement, arrestment and even recovery occurs 
after caseous softening and escavation of a small Iciiionhave taken 
place. Neither is it then astonishing if the obseri'ation is made 
that highly virulent tubercle bacilli in cavernous sputum, or 
even in the blood, so rarely cause local or generalized tubercle, 
and that individuals who harbor them may live for years in 
a comparatively fair state of health. 

For an explanation of all this variable behavior, it is of course 
necessary to formulate theories, and these theories must be based 
upon the evidence which is available at the time. While we 
appreciate that our own theories may be erroneous in part or 
wholly, they nevertheless give encouragement for further studies 
until it may be possible to separate the wheat from the ehail. 
As far as we have gone at this time, we are working upon the 
theory that the tubercle bacillus is an absolutely foreign body 
to the mammalian organism; that this has originally neither 
an acquired nor a hereditarily transmitted speeitic resistance, and 
that in such an organism the bacillus finds optimal conditions 
for its growth and multiplication, providing it has previously 
been accustomed and adapted to the nutrient soil which the 
organism supplies. In the human subject, the tubercle bacillus, 
accustomed and adapted to its soil, would therefore manifest 
a higher degree of virulence and of growth-energy than it would 
if it had grown in the tissues of another species of mammalia, 
this is in accordance with the facts elicited by the evidence at 
hand. 

If living tubercle bacilli, accustomed to the soil of the human 
organism, are not modified in their growth-energy by e.xternal 
conditions to which they may have been exposed, after discharge 
from the lesions of their prior host {temperature, sunlight, desic- 
cation, putrefaction, etc.) or by internal conditions to which 
they have been exposed before being discharged (prolonged re- 
tention in non-vascular, caseous, fibrous or necrotic foci; bac- 
tericidal action of the solid and fluid tissues of the prior host), 
they possess the maximal degree of virulence for humans; if they 
enter the tissues of an individnal who possesses no transmitted 
or acquired specific resistance, they grow and multiply with 



maximal rapidity and cause acule generalized tuberculosis. 
Hucli a non-resistant organism then becomes overwhelmed; the 
bacilli do not remain lo<ja!ized, neither do they degenerate; the 
formation and dissemination of tubercles is rapid, and caseation 
is not a marked feature. There is no complete immunizing re- 
sponse on the part of the invaded organism, cscept to the 
specific toxic products which the tubercle bacilli elaborate in 
the course of their own evolution, and these are formed and 
absorbed so greatly in escess of the power of response that the 
corresponding amboceptors and lytic ferments are quantitatively 
inadequate to bind and neutralize them. Instead of protecting 
the organism from harm, they cause toxemia due to the absorp- 
tion of intermediary split products, and these are responsible 
for the final exhaustion and death which follow inevitably. 

Many cases of this kind are on record in literature, and almost 
all experienced physicians have observed them. They are more 
common to peoples and races which, like some Indian tribes and 
other primitive peoples living remote from contact with civili- 
zation, have previously not come in touch with tuberculosis. 

Bearing in mind the external and internal conditions referred 
to, which can modify the virulence of the tubercle bacillus, it 
is easy to understand why a like evolution of disease need not 
occur in every individual, even though a specific resistance may 
he lacking entirely; and further, why the period of evolution 
may vary according to the number of tubercle bacilli which find 
access, or according to the reduction which their virulence has 
suffered. It is self-evident that it may require one or two gen- 
erations of the bacillus, or even more, before a maximal growth- 
energy is restored and, during this time, local tissue- reactions 
and a local immunizing effect may cause at lea-st a temporary, 
if not a more lasting, check to generalization. 

In instances in which the individual possesses a transmitted 
specific resistance, the evolution of an infection may fail en- 
tirely because this resistance is sufficient to prevent growth and 
multiplication of the tubercle bacilli, especially when they are 
not fully or maximally virulent, and in this case it may come to 
a latent infection or to the presence of tubercle bacilli in the 
tissues, especially in the lymph glands, without tubercle- forma- 
tion. If tubercles are actually formed, they may be limited 
in number, because of the local tissue-reaction, and may become 
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converted into fibrous tissue; again, caseation may occur and 
the tubercle bacilli may then become encapsulated, as is evi- 
dent from the healed and obsolete lesions found on autopsy of 
clinicallj' non-tuberculous individuals. Like results may follow 
wlien the infecting virus is weak in virulence, as has been ex- 
plained, in those individuals who lack a transmitted specific 
resistance of sufficient degree; or theu both factors may co- 
operate in checking the further evolution of the tuberculous 
focus. 

Once the lesions have become caseous, they are a menace to 
their possessor for many years; in fact, until they are entirely 
obsolete. During all this time tubercle bacilli may escape and 
reach the periphery or eveu distant parts, leading to a repeti- 
tion of tubercle- formation and to like reactions, and eventually 
to large Sbrocaseous nodes or to multiple lesions of varying sizes 
and of similar character. Such a course depends upon one or 
both of two factors, the one being an inherited or acquired spe- 
cific resistance, the other a reduction in the virulence of the 
virus; both are subject to quantitative variations. When the 
virulence of the virus is the only factor, complete healing may 
fail, because this virulence may increase during successive gen- 
erations of the bacilli. In such cases healing depends on the 
aimultaneous oceuiTence of local cellular and of humoral im- 
munity in a sufficient degree to keep down the virulence or to 
suppress it entirely. 

"We have no doubt that a slight degree of immunity to one 
or more of the toxic products of the tubercle bacillus develops 
in all cases, and the fact that it is not possible to demonstrate 
specific amboceptors in the blood-serum of a given case does not 
disprove this, because the complement- fixation reaction la too 
coarse for such a purpose. We find specific agglutinins for the 
tubercle bacillus in praefically all sera of early cases, and this 
suggests an immunity reaction. This view finds support if the 
germicidal action of the sera of infected children, taken before 
vaccination, is compared with that of the sera of normal guinea- 
pigs or rabbits, and it is supported clinieally by the occurrence 
of so-called latent or apparently non-progressive eases. 

The natural, spontaneous acquirement or increase of germici- 
dal immunity against the bacillus of tubercidosis must neces- 
sarily be slow, incomplete, and quantitatively slight during the 
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early stage of the disease. A marked increase of this spon- 
taneous immunity cannot be expected until, with the absorption 
of tubercle bacilli, or of their endotoxins from destructive lesions, 
the organism becomes capable of making an effective response by 
producing specific amboceptors for all bacillary substances. 

The spontaneous active immunization of the organism against 
the tubercle bacillus itself commences with the absorption of the 
liquefied caseous material, in the sense that endotoxins of the 
tubercle bacillus then reach the blood in sufficient quantities to 
stimulate the cells of the organism that they can produce the 
required specific bacteriolytic amboceptors in maximal amounts. 
Unfortunately, however, the disease has often made great head- 
way at this period, and the destructive processes involve larger 
foci, in consequence of which the absorption is often so exces- 
sive that rest alone is insufficient to reduce it within safe limits. 
The intake of these specific products is necessarily governed by 
the size and number of the lesions and by their richness in 
tubercle bacillus products, by the rapidity of softening and by 
the condensation, or otherwise, of the tissue that is peripheral 
to the lesion. Ordinarily the absorption is at first slow, irregu- 
lar and intermittent, and the symptoms are correspondingly so. 
Slight elevations of temperature, malaise, loss of appetite, appear 
and disappear, and often they seem to stand in relation to exer- 
cise and rest, so that the regulation of both has been taken 
advantage of in bringing about the desired auto-immunization. 
More absorption being caused by exercise, this corresponds to 
the administration of a dose of the specific toxin, while absolute 
rest affords the opportunity for the reaction to subside. There 
can be no doubt that certain patients can acquire their immunity 
in this manner without artificial specific treatment, and the fact 
is attested by clinical observations which antedate our knowl- 
edge of immunity, as for instance the clinical benefits accruing 
from exercise or from rest, for which a commensurate explana- 
tion is now possible. 

In certain torpid, chronic, non-febrile cases, exercise stimu- 
lates the production and absorption of immunizing substances 
from the tuberculous focus; if this absorption is not excessive. 
a beneficial result is observed to follow. It is probable that ob- 
servations of this kind led Sydenham to advocate horseback 
riding for consumptives, and caused Benjamin Rush to pre- 
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scribe a carefully graded plan of exercise, commencing with 
passive motion in the swing and ending in horseback exercise; 
these observations also account for the custom prevailing, not 
many years ago, to send consumptive patients out West to 
"rough it." On the other hand, eases in which tubercle bacillus' 
products are already being absorbed do better under rest, in 
that the absorption and, with it, the fever diminish, and improve- 
ment often follows in the clinical signs and symptoms of the 
disease. This improvement was naturally attributed to the rest ; 
in reality it should be credited to the prevention of an excessive 
absorption of bacillary substances through which the specific 
antibodies, which were being used up for the reduction of the 
specific toxins, became available for their action upon Uie tu- 
berculous lesions. It is therefore easy to understand that clini- 
cal observers could adopt opposing attitudes toward exercise 
and rest in the management of consumptive patients, and why 
both methods have been followed by good results. 

By applying these methods now with a definite aim and 
purpose, as was done first by Dr. Paterson, of FrimJey Sana- 
torium, the results have become better in proportion as the 
absorption of toxic products can be regulated in conformity with 
the requirements of the individual case; but this method of pro- 
moting the process of auto-immunizatiou in tuberculous disease 
appears to us to be comparatively crude. The good results which 
have been observed only support the value of deliberate artificial 
immunization and of specific stimulation under conditions of 
better control. 

In the case of larger lesions, in which softening and absorp- 
tion occur rapidly, the signs and symptoms increase in propor- 
tion, and their subsidence depends more particularly upon tJie 
time when the pent-up contents of the tuberculous abscess will 
gain a free exit. The desired relief may come as early as within 
a few weeks, but it may also be delayed for a number of months, 
during which the attending aymploms may vary in the widest 
limits; they do not subside permanently until complete drain- 
age is established. Often this fortunate termination is not 
realized because other caseous lesions undergo like changes, 
resulting in coalescing and multiple excavations during which 
tlie patient becomes exhausted, or death is caused by intercur- 
rent pneumonias due to the a.spiration of cavity-secretions. I>ur- 
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ing this entire period the patient has been in a more or less 
eontinuoiis state of general and focal I'eaction, and his mechan- 
ism for the production of specific antibodies may have been 
overstimulated so greatly that, when the absorption of toxie 
products finally subsides, it fails to respond, being practically 
paralyzed. Such a lack of response we believe to correspond 
with the disappearance of fever, as it is observed sometimes 
after a long and tedious course of excavation and suppuration, 
for longer or shorter periods, before the disease terminates in 
death from exhaustion, with an extreme degree of emaciation. 

On the other hand, we have witnessed the advent of soften- 
ing, and the formation, complete drainage and cleaning out of a 
cavity of moderate size, in the course of a single month, with 
only slight focal and general reactions, the only evidence being 
the recurrence or increase of bacillary expectoration. Such a 
course has occurred, we betieve, almost exclusively in patients 
who had previously received specific treatment and who were 
completely immunized before the necrotic material softened and 
was absorbed. 

In regard to patients who have passed the early stage as 
well as that of softening, and who are left with open secreting 
cavities, with slight or no fever, our observation is that their 
sera, as a rule, do not show a maximal degree of coropleraent- 
fixatinn, and that they appear to have hut a very slight power 
to cause morphological changes upon tubercle bacilli in bac- 
teriolytic tests. Tlie sera are rarely fully bactericidal, although 
the patients have passed through a longer or shorter period of 
softening and absorption of specific bacillary products. Such 
patients often react generally and focally to the administration 
of the specific remedy, and we have often been able to increase 
and complete Ihp immunity and to bring about the desired 
further improvement by specific treatment. 

In certain phases of the advanced stages, specific treatment 
can therefore aid our efforts toward securing an arrestment of 
the disease, and the only reason for withholding it in a far- 
advanced class of cases that have little or no fever, would be 
that the damage already done, or (he complications present, or 
both are so formidable that no reasonable hope exists for clinical 
improvement and benefit. 
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The GENER.VL MANAGEMENT of patients under specific treatment 
ia the same as it would be witliout it. Hygienic and dietetic 
methods with a view of securing the best physical condition 
of the patients, and of conserving and improving their nutri- 
tion when necessary, require unremitting attention and super 
vision. Com plipat ions should be prevented, rather than cured 
after they have occurred; if they are non-tuberculous in their 
nature, they should be treated upon the principles which applj" 
in non-tubereuJous patients, with this difference that pr<»npt 
treatment is the more necessary in tuberculous patients, and 
of the greater importance, in view of their unfavorable influ- 
ence upon the course of the tuberculous disea^ie. We have often 
been asked for our opinion concerning the po-ssible interference 
of other therapeutic measures, especially the administration of 
drugs, with the action of specific remedies, and we may say here 
that such an interference need not be apprehended ; yet we 
avoid drugs, especially hypnotic and analgesic remedies when- 
ever pofisihic, if other remedial measures can be substituted for 
them. Physical comfort and suitable diversion, properly heated 
and ventilated apartments with modern sanitary appliances, the 
regulation of exercise and rest with reference to their intluenep 
upon the temperature and the heart-action, proper ventilation 
of the lungs by securing the opportunity of breathing pure, 
fresh air, the benefit* of sunlight, the adjustment of the dietary 
to existing conditions, the maintenance of proper elimination 
through the akin, lungs, kidneys and bowels, proper hours for 
sleep, and the consistent cooperation of the patient, — none of 
these things have lost in importance by the fact that the pa 
tient receives specific treatment, and the same remains true in 
regard to benefits that may be derived from an advantageous 
change of climate, when the one in which the patient lives is rig- 
orous and changeable or enervating, if it exposes him to malaria 
or to the acquirement of catarrhal affections, and if it prevents 
a sufficient exposure to sunlight and an adequate amount of 
exercise in the open air. to all of which the vegetative processes of 
the living organism react in a favorable manner. A change in 
locality, even if the one to be selected is not superior climatically, 
to the open country where the accumulation of dust and dirt 
' in the air is at its minimum, or to a place where the change 
removes the patient from social and business affairs and worries. 
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and thereby diminishes and eliminates obstacles to the essential 
compliance with the indispensable cooperation on his part, is 
still as advantageous as it has been found in times past. 

For the practical support of the principles and theories which 
govern us in the specific and associated methods of treating 
tuberculous patients, we refer to the clinical reports of the 
Winyah Sanatorium, especially to the one issued recently, which 
gives our results for the four years prior to January, 1915, and 
includes a r^sum^ of the results in all cases treated in the insti- 
tution since its establishment in 1888. It also includes the 
clinical experiences and results of many other physicians who 
have applied our methods ; when added to our own, the experi- 
ences and observations reported represent a clinical material of 
over 5000 cases of pulmonary tuberculosis, and of numerous com- 
plications. We consider these statistical data to be of particular 
value because of the large number of cases treated with the 
same preparations, and because we are not aware that an equally 
large number of cases has been presented heretofore, in a form 
that is available for comparison and study, in that they were 
treated by the same observers, under the same diagnostic and 
therapeutic methods and prognostic classification. 

In closing these practical discussions, we can only point out 
once more that the entire subject of inmiunity is by no means 
settled definitely, and that all explanations designed for its eluci- 
dation are theories and hypotheses, based upon observed facts. 
While we do not expect that theoretical research or animal ex- 
perimentation alone will be able to discover the solution of all 
the problems involved in these studies, we maintain that the 
results and conclusions of the laboratory investigator are impor- 
tant and valuable, although they will always remain subject to 
practical confirmation at the hands of the clinician. We believe, 
therefore, that the results of our experimental investigations 
should be of interest to the clinician, especially as they have been 
made side by side with, and as many of them were first suggested 
by, our clinical observations. 



PART III 

EXPERIMENTAL STUDIES IN THE IMMUNIZATION 

AGAINST TUBERCULOSIS 



PART III 



EXPERIMENTAL STUDIES IN THE IMMUNIZATION 
AGAINST TUBERCULOSIS 



A 




CHAPTER X 

CHEMICAL AND EXPERIMENTAL STUDIES OF 

THE TOXIC CONSTITUENTS OF THE 

TUBERCLE BACILLUS 



Our chemiiial studies of the several toxic eoiistituoiita of the 
tubercle bacillus have not yet i-ea<!hed a stage to make possible 
individual investigations in regard to their toxic and antigenic 
action, with sufficient accuracy to ensure the correclness of the 
observed results. We have described, in our report of 1912, 
Ihc ordinary chemical characteristics of the several extractives 
which we obtained from tubercle bacilli and which are present 
in our vaccine, tiuantilative determinations of washed, dried 
tubercle bacilli, made since then, show that the total protein- 
content amounts to a fraction over fifty per cent, and that the 
lipoid constituents vary in amounts, averaging about thirty 
per cent. 

In our renewed attempts to separate the several proteins and 
lipoids, for the purpose of studjing them individually and more 
accurately, it still appeared desirable to us to avoid procedures 
which are liable to injure them ; but our success was not much 
greater than before. In these more recent studies we found 
a marked difference in the toxic action, especially of one protein 
which corresponds chemically with a peptone, and of a lipoid 
extracted with absolute alcohol, both of which killed apparently 
normal guinea-pigs after the first administration of a minute 
dose (0.1 mgr.l, whereas other proteins and lipoids were tol- 
erated in doses that were from fifty to one hundred times larger, 
without causing the slightest disturbance. It was then also 
found that no apparent harm followed if the first dose of these 
toxie pralnets was reduced to one-tenth of the minimum fatal 
dose, and that thereafter the doses could be increased gradually 
without producing a toxic effect. Complement-fixation with the 
sera of animals which had received the peptone, gave negative 
results with it as antigen and with all other T. B. antigens. Ani- 
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mala which had been treated with several other protein-extrac- 
tives or with their fractions, as a rule showed complete comple- 
m en t- fixation with the parlieiilar extractives or fractions, and 
alight degrees, or only traces of binding with others, frequently 
including the lipoids. In sera from animals treated with lipoids, 
especially with those extracted with alcohol, the fixation was fre- 
quently complete also with one or several proteid antigens, al- 
though none were presumably present in the lipoid used for 
treatment. 

The only exception was observed in sera of animals which 
were treated with our Protein No. 1, in which fixation was com- 
plete with it only, to the exclusion of even traces with all other 
partial antigens. These sera reacted, however, positively also 
with old tuberculin, and animals treated with the latter often 
showed the same titer in com pie men I- fixation with tuberculin 
and with this protein. 

In comparative chemical examinations of the unconcentrat^d 
and unheated bouillon upon which tubercle bacilli had been 
grown, and of Protein No. 1, we observed identical reactions in 
that their solutions became turbid upon the addition of dilute 
hydrochloric and acetic acidw; after acidulation with 10% HCl 
and heating slowly, turbidity appeared at about 42° C, and dis- 
tinct coagulation at about 48° Centigrade. The Protein No. 1 
assayed 5 per cent of heat-coagulable albumin of its total or- 
ganic substance. Plain sterilized bouillon, used for controlling 
the reactions, gave only negative results. We further found that 
we could obtain our Protein No. 1 from the liquid media of 
very young cultures, when the growth was actively progressive 
and was spreading rapidly over the surface of the bouillon. 
After its removal, the bacillary mass falls apart readily and 
the bacilli seem to have lost the adhesive substance which binds 
them together. 

Formerly we had believed this protein to be one of the body- 
constituents of the tubercle bacillus, but, judging from the re- 
sults of experiments made with it some years ago, we had deemed 
it as of little if any value for active immunization, and it is 
on that account that only a small fraction of it is iucbided in 
our vaccine. In the light of the observations made since then 
and described above, it has become very doubtful that this 
protein is one of the body-snbstanees of the tubercle bacillus ; it 
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appears to be a product of living tiiberele bacilli, wbich tliL-y 
Kpcrete and which adheres to them and then becomes dissolved 
in the liquid medium upon which they grow. We believe, there- 
fore, that it is identical with a protein contained in tuberculin, 
and the latter contains also the heat-coagulable albumin when 
it is prepared without heat. 

No correspondence of action could be observed in comparative 
studies of diagnostic reactions, to ten per cent solutions of old 
tuberculin, of unheated culture- medium from which the tubercle 
bacilli have been removed by filtration, of Bouillon Filtre, and 
of our Protein No, 1. Although all these products were ca- 
pable of causing reactions by the v. Pirquet method, these 
appeared most constantly after the injection of old tuberculin; 
they were less frequent with the unheated eulture-medium and 
Bouillon Filtre, and rarely so with our Protein No. 1, in tubercu- 
lous individuals upon whom the tests were applied simultane- 
ously. 

If we explain these differences by the degree of specific ira- 
mnnity which the tuberculous subject may have acquired to the 
several toxic products of the tubercle bacillus, we must neces- 
sarily conclude that this degree was higher against some of the 
toxins employed than against others, or that no immunity was 
active at all against those to which no reaction occurred. In 
order to determine this point, the several preparations were then 
used subcutancously, with similar results. The largest doses 
were required of our Protein No. 1, smaller doses sufficed of 
the unheated culture-fluid and of Bouillon Piltre, and still 
smaller doses caused reactions to old tuberculin. We conclude 
from these results that tuberculous patients are apt to possess 
a higher degree of immunity against our Protein No, 1, and least 
against old tuberculin, and in consequence we are justified in as- 
suming that the several toxic products differ in that some are 
present in tuberculin which are not contained in unhealed cul- 
ture-medium and in Bouillon Filtre, and that some are present 
in the former which are absent in our Protein No. ]. Observa- 
tions of their toxic action upon tuberculous guinea-pigs con- 
firmed us further in this view. 

These obsert'ations suggest the presence of an additional spe- 
cific component, or of several, in tuberculin, whether this be 
prepared with heat or not, which differ from our Protein No. 1 ; 
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they caused un to reconsider certain studies made in our labo- 
ratory twenty years ago. Il will be recollected that objections 
were raised, tioon aftt^r the iiitro<liietioii of tuberculin, against 
its clinical use. because of the prcseuce in it of tuWn-lc bacilli 
and of acid-fast frapnenta. In order to eliminate this objection, 
a tuberculin was prepared in our laborator>- which was freed 
from tubercle bacilli and acid-fast fragments, by (irst passing 
the culture-medium, upon which they had been grown, through 
Pukal or Berkefeld filters, before concentrating it to one-tenth 
of its volume. It was, however, soon found that tuberculin pre- 
pared in this manner was not reliable in producing reactions, 
and it was also less toxic for tuberculous guinea-pigs. This 
specially filtered tuberculin was inferior also therapeutically, 
and the conclusion was unavoidable that, by filtration, we had 
removed a pail of the active principle which, under the cir- 
cumstances, we believed to have been of corpuscular nature, con- 
sisting of bacillary bodie-s or of fraginenLs and granules. We 
were, therefore, obliged to revert to the former method of con- 
centration and to repeated filtration through hard paper or 
other less perfect filters, in order to obtain the desired uniform- 
ity of reactions in tuberculous subjects for diagnostic purposes. 

These studies were then extended to an inquiry into the rela- 
tion of the age of the cultures used for the manufacture of 
tuberculin, and it became evident that old degenerated cultures 
yielded a better therapeutic preparation. 

We took advantage of this in the manufacture of a Purified 
Tuberculin, by resorting to the use of cultures upon which alt 
growth had cea.sed, the bacillary mass having broken up and 
settled on the bottom of the flask. On observing that passage of 
the finished preparation through Berkefeld filters had appar- 
ently not diminished its specific action, we concluded that cer- 
tain valuable substances were extracted from the bodies of the 
tubercle bacilli by Iheir prolonged maceration in the culture- 
medium, a view which was supported by the better clinical 
results which we and others ohser\'ed under its therapeutic 
administration, and which induced us to adopt a still more 
effective method of extracting the bacilli by boiling the mor- 
phologically degenerated cultures in vacuo at 45° C. for a month 
or six weeks, before we filtered out the bacillary residue. 

This was the first deliberate attempt made by any one, to 
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extract and to incorporate the soluble body-substances of the 
tubercle bacillus in a preparation, and to employ it clinically 
for the specific treatment of tuberculosis. The clinical results 
obtained with it were so satisfactory that we eliminated the 
culture-medium entirely and depended upon the extractives 
alone, which we introduced in the spring of 1897, in the form 
of the Watery Extract of Tubercle Bacilli. 

A renewed chemical examination of the Watery Extract was 
undertaken in 1912, because we had found that, after its admin- 
istration, complement-fixation tests were positive in maximal 
degrees with all antigens, including the lipoids and old tubercu- 
lin; and it was because of these apparently contradictory find- 
ings that we questioned the necessity of the lipoids in the vac- 
cine, in our first report on prophylactic vaccination. Events 
have shown that very small amounts of the lipoids are contained 
in the Watery Extract (Protein No. 2), and that it contains also 
Proteins Nos. 1 and 3 in larger quantities. The presence of 
Protein No. 4, in the Watery Extract, was found to depend 
on the reaction of the solution ; the protein is present when the 
reaction is amphoteric, and it is precipitated when the reaction 
is made neutral or faintly acid. 

The positive and complete results in complement-fixation, with 
sera tested after vaccination or after treatment with Watery 
Extract of Tubercle Bacilli (Protein-Extractive No. 2) having 
been explained by the presence of more or less of the other body- 
constituents of the tubercle bacillus in it, we made the attempt 
to free it at least of the lipoids, so far as this might be done, 
by shaking them out with chlorofoim and with sulphuric ether, 
in order to determine whether these substances were necessary 
for the protection of animals. 

The sera of animals treated with Watery Extract before and 
after the removal of the fats gave only slightly different re- 
sults. The outcome of the infections in the treated animals 
unfortunately was obscured by the occurrence of early deaths 
on account of pseudo-tuberculosis. No positive conclusions could 
be drawn, because only one of the animals lived longer than 
thirty days after infection. 

In our serological studies, after treatment with the lipoids 
as prepared by Much, and with lipoids extracted with ether 
and with absolute alcohol without previous saponification, we 
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found marked positive reactions with several proteins, except in 
animals which had been treated with our ether-extractive and 
with Much's Fatty Acids. Much prepares his lipoid antigenn 
by first saponifying the tubercle bacilli and then extracting the 
soap with alcohol and with ether. The same solvents are used 
by ua for obtaining our lipoid extractives. With both these 
methods Bome proteins are apt to be present in the extractives, 
especially in those obtained with alcohol. It appears, there- 
fore, that the lipoid antigens, both those of Much and our own, 
are not assuredly free from proteins, and the positive results 
in complemcutfixation, with the sera of animals treated with 
them, might be due to the presence of these proteins in the 
antigens. 

In controls treated with lecithin and cholesterin we found that, 
with the sera of animals treated with the former, we could obtain 
positive results in complement-fixation with lipoids from tu- 
bercle bacilli as antigens, while this was not the case with aera 
from animals which had been treated with cholesterin. This 
observation caused ns to examine human sera, obtained before 
and after treatment with vaccine, using lecithin and cholesterin 
as antigens, and we found that complement- fixation was posi- 
tive with lecithin with sufficient frequency to raise the question 
whether or not the reaction observed with lipoids from tubercle 
bacilli was actually a specific one. Unfortunately the lack 
of normal animals, and the frequent deaths in those which had 
acquired pseudo- or spontaneous genuine infections, once more 
made it impossible for us to complete our studies which we had 
contemplated and, on that account, the whole sub.jeet was left 
in doubt. The results of the related animal experiments are 
given in the accompanying tabulations. 

In the records of these experiments upon guinea-pigs, it will 
be noted that we lost nearly one-half of the animals in the course 
of treatment, or before sufficient time had elapsed after infec- 
tion, to justify their cons-idcration. These premature deaths 
appeared to stand in relation almost entirely to pseudo- 
tuberculosis or to spontaneous genuine infections. The deaths 
which occurred from these causes, more or less reduced the num- 
bers of animals treated wiUi certain fractions of the constitu- 
ents of tubercle bacilli; in the experiments with Protein No. 4 
(Neucleoprotein) we lost all but one animal. 
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Although we had hoped that previously diseased animals were 
practically eliminated from the lot under experiment and that 
all had died during treatment, there were still twenty-four 
guinea-pigs which showed pseudo-tuberculosis on autopsy, and 
several which had old genuine lesions that antedated our infec- 
tion. 

The irregular numbers of the groups that were available for 
final consideration, the difficulties in differentiating between gen- 
uine and pseudo-tubercle, and between spontaneously acquired 
and our artificial infections, when they were associated in the 
same organ or in the same lesion, were so great that it was 
impossible to determine our findings with absolute certainty in 
every instance, and this detracts from the value of the results. 

Rabbits appear to suffer less frequently from pseudo- 
tuberculosis and, in case they do, they are less liable to die under 
specific treatment or soon after infection with tubercle bacilli; 
but we lost a considerable number of these animals from pneu- 
monia, coccidiosis and other causes. To a certain degree the 
experiments upon guinea-pigs and upon rabbits seem, however, 
to support each other in their results. 

As we consider the experiments made on rabbits on the whole 
to be more satisfactory, we have tabulated them individually, 
but grouped the experiments on guinea-pigs in .order to save 
space. 

The tabulation of experiments on guinea-pigs shows that all 
of the seven animals, which had been treated with the whole 
vaccine, resisted the infection completely, and that a like suc- 
cess was obtained in six of the seven guinea-pigs treated with 
Watery Extract, in three out of four animals treated with a 
heat-coagulable albumin of the same protein, in three animals 
treated with a combination of Protein No. 2, No. 4 and an 
alcohol-extractive of tubercle bacilli, and finally in the three ani- 
mals treated with the same alcohol-extractive alone. 

Of interest appears to us the difference in results shown 
between the heat-coagulable albumin obtained from Protein No. 2 
and that from Protein No. 3, and further the fact that the rab- 
bits which were treated with Protein No. 2 and with the alcoholic 
extract appear to confirm the results obtained in guinea-pigs 
with the same preparations. 

In the experiments with other specific preparations we ob- 
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tained tlie best results from (he treatment of rabbits with 
Much's and "Weleminsky 's preparations; the outcome was per- 
fect in one of the rabbits treated with Mneh's lactic acid solu- 
tion. Rabbits Nos. 196 and 200, which were treated with the 
Tuberculomucine of Welerainsky, had pseudo-tuberculosis of the 
lungs, and this obscured the results of macroscopic and of his- 
tological examination. In the latter, the lesion of the right 
lung showed tubercles without giant-cells, but no tubercle bacilli 
were found in the antifomun residue of tissue from the same 
lesion. 

The observations in eomplement-fixation test are also of inter- 
eat in that it was positive with the antigens used for the treat- 
ment of Ibe animals, with the exception of the pepton from 
Proteins Nos. 1 and 3. As a rule, the treatment had been con- 
tinued until complement- fixation had become positive. Of spe- 
cial interest are the results obtained in complement- fixation tests 
of sera from animals that had been treated with the alcohol- 
extracls from tubercle bacilli, which in the guinea-pigs were 
also positive with specific proteins, although theoretically none 
of the latter should be present in the antigen used for treat- 
ment. 

In whatever manner these observations will ultimately find 
an explanation, al present they are not sufficiently clear to 
settle the relative importance of the several partial antigens 
in experimental immunization definitely. Before we make 
further experiments, we shall endeavor to obtain our antigens 
and their fractions in a purer form, and to seeure animals in 
which we do not have to reckon with pseudo- and spontaneous 
genuine tuberculosis. 

For the demonstration of the additional specific component 
in the culture-medium, and of its exo- or endo-toxic origin, as 
well as that of our I'rotein No. 1. special culture-media are re- 
quired as a first step before others can be taken, and before 
biological reactions in normal animals can be of decided value. 

In relation to an addifional specific component of tuberculin, 
it may be of interest to revert to the qiiestion whether, during 
its life, the tubercle bacillus produces n ferment-like toxin that 
is not of protein-nature and may be found in the culture -media, 
and to the further question of the presence of a specific ferment 
in the body-substance of the bacillus. We have in mind certain 



CONSTITUENTS OF TUBERCLE BACILLUS 299 

experiments which we made in 1895, when we standardized old 
liiberciilin for its toxic action upon tuberculous guinea-pigs. 
Ilic requirement being that 0.5 cc. of tuberculin must kill, in 24 
to 48 hours, such an animal which had been infected a certain 
time before with virulent tubercle bacilli. When we added an 
equal amount of fresh serum from a previously immunized ani- 
mal, the expected death did not occur and some of the animals 
were not even made sick. Evidently we had neutralized some 
toxic substance, which is responsible for the fatal reaction, 
with some antibody contained in the immune scrum, and this 
antibody seemed dissimilar from a true antitoxin only in bo far 
as it required so large an amount of the serum to neutralize the 
toxin. The protection seemed, however, to depend upon a simi- 
lar reaction as that between a true toxin and its antitoxin, and 
even now we cannot think that the large quantity of 500 mgr. of 
tuberculin could have been reduced completely and destroyed 
by the baeteriolj'tic amboceptors and complement contained in 
one-half cubic centimeter of the serum. Since then like experi- 
ences have been recorded by other observers, and among them 
by Van Calcar,' who immunized his animals with what he be- 
lieves to be a non-proteid substance extracted from serum-agar 
upon which virulent tubercle bacilli have been grown and which 
had been removed carefully. This substance he considers to be 
a true toxin. In the light of Van Calcar's observation, this 
question deserves further inquiry. We are, however, inclined to 
the opinion that the component of tuberculin, which caused the 
diagnostic reactions, is a proteid substance. 

In our own studies of the evolution of naturally acquired im- 
munity in the course of tuberculous disease, we have accumu- 
lated numerous data which appear to indicate that the immunity 
is acquired very slowly and by successive steps. The reaction of 
the organism to tuberculin constitutes the first clinical evidence 
of a tuberculous process, and we believe that it is caused, at least 
in part, by the highly soluble Protein No. 1 which we have de- 
scribed. A specific reaction can be produced with tuberculin 
and, in very early cases, also with this protein, often at a time 
when the injection of other products of the tubercle bacillus 
still fails to elicit a response. A reaction to any particular 
product of the tubercle bacillus indicates that the organism docs 
'Van CAMiRi loc. cit, S. t26 (p. 168). 
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not yet possess a sufficient amount of lytic amboceptors, 8i)e- 
eifie Tor it, to reduce the injected dose completely or at least 
sufficiently to prevent the production and accumulation of split 
products which cause the irritation at the site of the injection, 
especially whcu the toxin can be absorbed but slowly, as is (he 
case in the percutaneous test. It seems, however, that the am- 
boceptors in the blood ai'e sufficiently numerous for a complete 
reduction of the very minute amount which may be absorbed, 
because a general reaction does not occur. After the administra- 
tion of a small subcutaneous dose, however, the general and 
focal reactions show that the specific amboceptors in the blood 
are below the maximum. These reactions may be increased 
or prolonged by repeating a subeulaueous dose of tuberculin 
before the first reaction has subsided, and the same appears to 
take place in acute miliary tuberculosis, when a large amount 
of a toxin is constantly absorbed and is then continuously pres- 
ent in excess in the circulation. Inasmuch as the tuberculin 
test is negative in acute miliary tuberculosis, the conclusion is 
justified that the toxin, which is present in excess, is similar in 
nature to the one in tuberculin. 

Clinically we find that, although reactions no longer occur to 
larger doses of tuberculin, even very minute doses of one or 
the other of Ibe bacillary body -substances can still produce 
local, general and focal reactions, and this is often observed 
mast readily with a lipoid. These reactions disappear as the 
doses are repeated. The sequences and observed results of 
gradual successive and steplike immunization with different frac- 
tions of the products of tubercle bacilli have been obscured 
frequently in our studies by the fact that most of our fractions 
were more or less of mixtures with one or more other fractions. 
We have, however, been able to complete an existing partial 
immunity in the human subject and in animals, as Much baa 
done, and to cause the development of the missing specific partial 
' amboceptors, by administering tlie related fractions. 

We are fully convinced that the further study of these ques- 
tions is of the greatest importance, and that only by their full 
elucidation may we expect ultimately to explain certain experi- 
mental and clinical observations, the causes of which are sliU 
obscure. Personally we feel certain of the existence of a con- 
stituent in the tubercle bacillus, which is not necessarily a pro- 
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tein or a lipoid, although most likely intimately associated with 
one of them, probably with one of the lipoids. We believe that 
it is this constituent which is responsible for the formation of 
a specific thermolabile antibody of ferment-nature, upon which 
the bacteriolytic and germicidal actions of a given serum de- 
pend. We have also reason to believe that it is this substance 
which stands in relation to the autolytic changes which were 
observed in our vaccine when it was kept at room-temperature, 
and that, until we can determine its presence quantitatively by 
proper tests, we must reckon with the possibility that the 
amounts in our vaccine may vary in different lots, although the 
general mode of manufacture remains the same. 

Our observations, mentioned on p. 94, that a given human 
or animal immune serum which, in its active stage, had caused 
marked and unmistakable morphological changes in tuberclt* 
bacilli in vitro, could not be reactivated with fresh normal hu- 
man or animal serum, and that the tubercle bacilli were in con- 
sequence not deprived of their virulence when they were 
incubated with serum-specimens before they were used for in- 
fection, points unmistakablj^ to a specific thermolabile substance 
in immune serum which is not present in appreciable quantities 
in normal sera. 



BIOLOGICAL AND EXPERIMENTAL STUDIES 

The clinical results which were observed in the course of the 
prophylactic use of our vaccine, and which have been described 
in a preceding chapter, could not have been anticipated when 
we first undertook our studies several years ago, and we should 
not have been disappointed if additional treatment had been re- 
quired in cases in which the infection had advanced to such a 
degree that structural changes were demonstrable on physical 
examination, in order to stimulate and cause their retrogression 
or disappearance. 

In the expectation that the prophylactic administration of 
vaccine would be followed on the part of the organism by the 
development of specific bacteriolytic antibodies against the tu- 
bercle bacillus and that, in this event, infection would be resisted 
more or less, also that it would be checked in case it was already 
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acquired, we took pains to examine the sera of all persons whom 
we vaccinated, for such antihodies. Wlien no exceptions were 
found in this respect, and the titer of the sera seemed to be 
masimal in amounts, we believed the view justi6ed that the 
vaccinated children had acquired an increase of their defenses 
against the bacillus of tuberculosis, because these antibodies 
are specific ; and it was our purpose to recommend vaccination 
on that account alone, even had we not succeeded in the demon- 
stration of a bactericidal power of the sera after subjecting 
vimlent tubercle bacilli to their action outside of the living 
body, in the test-tube. We had planned to present our results. 
several months before the date on which we reported them before 
the Chicago Medical Society on May 1, 1912. and we delayed our 
communication purposely because we desired further time in 
order to assure ourselves of the correctness of our bactericidal 
results. 

The reader will no doubt appreciate that such a test is an 
extremely severe one, and that the specific resistance of the liv- 
ing organism could be sufficient in degi-ee even though it were 
not demonstrable by the destruction or reduction of virulence 
in the course of a few hours after incubating a virulent dose 
of tubercle bacilli with a few drops of the serum. It must 
be assumed that the living human organism may and does 
accomplish this destruction more surely, since it has many 
thousand times the amount of specific antihodies at its dis- 
posal at any one time, which moreover are subject to constant 
renewal during the entire time re<|uired for the growth and 
multiplication of tubercle bacilli which might gain or have 
gained entrance to the tissues. 

In reporting now upon the results of our further investiga- 
tions, we may be permitted to save the space required for simi- 
lar tabulations of our findings of specific antibodies, as they 
were incorporated in our report of 1912, because we obtained 
practically identical results until certain technical difficulties 
were encountered which were again overcome in the end. In 
view of the fact that these difficulties are likely to arise in 
similar studies of other observers, and that their understanding 
is necessary for the critical examination of our own work, we 
deem it important to relate them in detail. 

It should be borne in mind that the application, by us, of 
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tile fompleineiitfixalioii tfst. ami flu- eoiti|iarativo ilfturtniua 
tion of morphological cliangea caused by sera in living vinileni 
tiiberele hHeilli beforo and after the administration of the vae 
cine, had the purpose of showing that a response with specifit 
amboceptors has octurred to the administration of our vaccine 
and of supplying us with a guide which could indicate that 
germicidal substances were present in sufficient amounts to 
justify the assumption that the virulence of tubercle bacilli 
would be destroyed in the living organism. 

The question of positive results in complement- fixation, in 
response to the parenteral administration of a foreign proteid, 
tissue-cell or bacterium, was never a matter of trial, neither was 
the bacteriolytic and germicidal action of the related ambo 
ceptors a subject which it was incumbent upon ua to establish 
aa one of the principles in active immunization. We did not 
even have to supply any proof that lower animals can be ira 
munized against the pathogenic action of the tubercle bacillus 
All these questions had been settled authoritatively by others, 
and al! that we did was to apply the principles determined by 
thera to our own studies in tuberculosis. 

The possibility of immunizing large animals agaiust the tu- 
bercle bacillus was demonstrated years ago by v. Behring and 
others, and received confirmation recently by OilHland's ex- 
periments with dead tubercle bacilli. We ourselves, and numer- 
ous other observers, have reported successful results in like 
experiments upon guinea-pigs. 

Our particular efforts were directed to the production of a 
soluble vaccine for use in human subjects, in which the bodies 
of the bacilli were excluded and their endotoxins in solution 
substituted in a form in which they are not injured chemically 
or by heat. If we had failed to obtain positive results, the ex- 
planation would have had to be found in our technical inability, 
or in a difference between the vaccine which we administered 
and the antigens against which we tested the sera, provided 
the subjects supplying the latter had been treated with them 
sufficiently; unless tubercle bacilli or their body-substances 
should prove an exception to most, if not all, observations of 
immunity- react ions. That this was not the case was shown by 
many others who obtained positive reactions, and we recall the 
fact that the tubercle bacillus was tJie first bacterium, by the 
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study of which the complemenf-fixaliou test bei'ame applicable 
for the practical (iemoustration of specific amboceptors, by 
Bordet & Gengou. 

The only observafiou ou our part, which is uot recognized 
generally, is the occurrence of marked morpliological clianges 
in tubercle bacilli when they arc exposed to the action of fresh 
immune serum in the test-tnbe. Similar results have, however, 
been described by Dembinski,' Van C'alcar,' Rosenberg * and by 
others. Dr. Chas. C. Browning, of Los Angeles, California, 
who studied the subject for nearly two years in a considerable 
number of patients who were being treated with our vaccine, 
informs us in a personal communication that he has obtained 
results which correspond with ours in all respects. These 
morphological changes, and the tests in complement-fixation, 
have served us as a guide for the degree of baet^'ricidal acUon 
of immune sera, and they have proved sufficiently reliable in 
our studies to justify their adoption, as will become evident in 
the records of the related experiments." 

It is self-evident that some sort of a guide is desirable before 
proceeding with the infections of animals; if one had been 
available years ago, to us or to other student;^ who attempted 
to solve the question of specific bacteriolytic immunity in tu- 
berculosis, we believe that much groping m the dark could 
have been saved, and more uniform results would have been 
obtained; at the same time the useless sacrifiee of animals, and 
considerable incidental expense, could have been avoided in pur- 
chase, care and treatment. 

The variations which were noted in the amboceptor-titer of 



■Demsimssi; ZeiUchr. f. Tuberkvlose. 1907, X, 4B3. 

■Van Calcab; lot. ml., S. 194 (p. 168). 

*Ro8BNBEB0; BuBBk; Wratech; lilll. No. 30. Cf. FoL Serol; IDll, 
VII, 183. 

' Tho conipamtive studies require much time and patience, and we eaU 
particular attention to our observatioii that, under the action of a trash 
immune serum, the tinctorial properties of tubercle bacilli are likely to be 
modified, in that any existing rods and granulBT detritus muy retain the 
carbul-fuelisiji stain only indifferently or not dt all, especially when higher 
per cents of minerol ucida have been used for decoloration, and that then 
they may take the counter-stain. It is therefore advisable to exsmine 
and to compare scries of slides made from tlie same specimen, in which 
diHerent percentages of acid have been used for decoloration. 
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sera taken before and after vaccination, and during and after 
treatment, made it necessary to examine the sera again if the 
desired titer was not present on the first trial. Although this 
was troublesome, especially in small animals like guinea-pigs, 
we felt that we were amply compensated in attaining uniform 
results in consequence. When in these small animals several 
successive tests proved unsatisfactory, or when we feared that 
the further abstraction of blood might be injurious to them, 
we either allowed them to rest for ten days or two weeks and 
then tried again, or we gave them a few additional doses of 
vaccine before repeating the trial; in following this course we 
had no failures. Although we observed successes in some cases 
in which our standard had not been complied with fully, we 
did not lower it on that account, but reserved the study of the 
real minimum essential for success, for a later and more oppor- 
tune time. It was also necessary to ascertain how many and 
how large doses of vaccine were required in order that the 
immune sera should come up to the quantitative standard for 
antibodies in every case. 

These questions having all been answered satisfactorily, we 
accepted our standard as sufficiently high to enable us to avoid 
failures. It could be demonstrated to have been attained in 
the human subject after one full dose of vaccine; very often 
this was the case upon the first test ; it was so as a rule on the 
second or third test; while we were not unmindful of the pos- 
sible chance that the result might be influenced by technical 
conditions and variations so slight that we remained unaware 
of them, w^ did not propose to take any chances and preferred 
to repeat the tests. 

As we were interested in the practicability of our method 
for prophylactic purposes, it was necessary to show sufficiently 
uniform results, without which some doubt would have been 
left concerning the value of the vaccination in the individual 
case ; further, the effect of the vaccination had to be of sufficient 
duration, since the practicability of the method depended also 
upon the frequency with which the vaccination would need to 
be repeated. Inasmuch as we could not demonstrate by actual 
experiment that the human organism would resist infection after 
vaccination, it was necessary to apply our method upon sus- 
ceptible animals and to find whether the same guide would 



IMMUNIZATION AGAINST TUBERCULOSIS 



suable us to show that their resistance was uouiplcte aiid Uiat, 
like in the human subject, their sera aeqiiin*tl bac-terieidal 
power. We freely admit that in following our guide we met 
with oec^oual technical difficulties, but when a reaction with 
a given scrum specimen or with a number of specimens was 
unsatisfactory on a given day, or when our results were left in 
doubt, there was nothing to hinder us from repeating the work 
as many times as we saw tit and as long as our patients were 
willing to supply the blood. 

In continuing our studies we desired reliable answers, among 
others, to the following questions: 

(1) Can specific amboceptors and lysins be demonstrated in 
all animal and human sera after vaccination ! Do they occur in 
sera obtained before vaccination and, if so, what is the relative ■ 
frequency of this occurrence I 

(2) Is there a (juantitative relation to specific resistance and, 
if so, what is the minimum requirement in order that the animal 
supplying the serum shall resist an infection, and in order that 
human sera shall cause the destruction of virulence of tubercle 
bacilli? 

(3) For how long a period after vaccination can these results 
be obtained, and does the size or a repetition of a dose have an 
influence upon the length of this period! 

A study of the experimental data, which will be given further 
on, will enable those interested to judge in how far we have 
been able to obtain reliable answers, and in how far these answers 
support the practical observations made by us and by others, 
of the value of our methods, The publication of the results 
obtained independently in the laboratory of Sir Almroth E, 
Wright in London has been unavoidably delayed, but it is ex- 
pected at no distant future. While it is not for us to disctiss 
these results at this time, we have sufficiently complete informa- 
tion concerning them to enable us to state that, judging from 
the copies of the autopsy protocols, we are entirely satisfied with 
them. In regard to our own biological studies, our results have 
been confirmed especially by those who have taken the trouble 
to familiarize themselves with our methods, and in this respect 
we refer particularly to the publication by Terrill.* because, 
according to his own statement, he approached the subject 

■J. J. TEattiLL; U)C. rir. (p. 138). 
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doubtingly, but felt constrained to eontirm us after a paiustakiug 
investigation. 

With the practical results of prophylactic vaecination, which 
we now have before us, and which have been and are being 
ponfirraed daily at the hands of others, the actual and visible 
benefits referable to vaccination against the tubercle bacillus are 
available sufficiently to decide upon the practical value of oui 
method, and, in consequence, both the serum-tests and the ani 
raal experiments have diminished in importance. In the la-st 
instance it makes no difference whether these benefits actually 
arise through the production of an artificial immunity with or 
without the development of specific amboceptors or lysins, since 
the relation of the vaccine to the practical clinical results has 
been established. 

These experiments were and are still of importance, however, 
m respect to the proposed vaccination of normal, i.e., not in 
feeted children, for the purpose of determining the correctness 
or the error of those authors who held that normal human sub- 
jects cannot be immunized against the bacillus of tuberculosis. 

This assertion that nomml, that is to say, not infected, hu 
man subjects cannot be immunized against the tubercle bacilluif 
seems illogical and irrational, in the light of acquired immunity 
to infectious diseases, and in view of the process of auto- 
immunization which is postulated with so much reason as oc- 
curring spontaneously in every person who. after a first infec- 
tion with tubercle bacilli, develops a degree of immunity and 
thereafter fails to acquire clinical tuberculous di.sease. by op- 
posing a sufficient immunizing response to every renewed 
infection, for the reason that the first infection had sensitized 
the organism, though it had not led to disease. Even if living 
tubercle bacilli are used for the immunization of normal non- 
infected calves, as in v. Behring'a method, an immunizing re- 
sponse does not occur until the injected tubercle bacilli have 
been broken down and disintegrated. It is self-evident that, 
if this breaking-down and disintegration is accomplished out- 
side of the body and if the resulting bacillary constituents are 
injected in solution, the immunizing rcisponse must become 
operative at once. Observations confirming this view have re- 
cently been published by A. Jousset, in the Bulletin of the Acad- 
emy of Medicine of Paris. 
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DIFFICULTIES IN THE COMPLEMENT-FIXATION TEST 



Quactitativc eomplement-lixatiou tests have been a routine i 
procedure in our laboratory sin™ the winter of 1907-08. The] 
technie used in them differed from the original one of Wasser- 1 
mami eliielly in that we used only 0.05 cc. of a aerum-dilution otS 
1:4 in physiological salt solution, and iu other slight modifier- 1 
tions which our preliminary studies had shown to be best suited 1 
for our study of immunity iu tuberculosis. We had little or r 
difficulty, certainly never more than must be expected in such 
complex biological reactions. During the summer of 1913, how- 
ever, difficulties arose more fre(iueutly and in time Ihey became 
annoying. At first we were inclined to attribute them to the 
use of serum from diseased animals, for complement, since we 
found at that time that pseudo- and genuine tuberculosis was 
prevalent among our supposedly normal animals. 

This view was seemingly no longer tenable when some of 
the animals supplying complement had been bled to death and J 
when on autopsy no evidence of disease was foimd in thenkfl 
A study of our hemolytic system, and various chanties made ill>l 
it, and in other technical details likewise failed to give us tin 
former uniform i-esults; yet we succeeded often enough in olsl 
taining unobjectionable reactions that we could continue ta| 
make use of the tests. In July of 1914, however, the failure 
became so frequent (and had, moreover, extended to tests foi 
a^lutinins and precipitins) that all routine serum tests hod's 
to be abandoned, while our efforts to find the cause or causes 
of our failures were of course continued. 

We satisfied ourselves that the difficulties were not attribu- 
table to the hemolytic system, nor to the fechnic employed by 
U8. The failure in the affglutinin and precipitin reactions caused 
us to look for the origin of the trouble in the antigens which 
had always been prepared from the same strain of tuberclej 
bacilli, grown in our laboratory since 1901. and which liai 
never before failed us. Tn November. 1914, wc wore in a posi*! 
tion to stuily t'ie at'tion of our antigens comparatively in r^arcftl 
to the influence of age. using a supply which had been mat 
in June, side by side with a new lot which had just 
finished; both lots were entirely unsatisfaclory. and there i 
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no difference between them ; this appeared to eliminate the f actot 
of deterioration of the antigen by age. 

When one of the writers went to London, in June, 1914, in 
order to be present at the final testing of animals treated with 
our vaccine, and of human immune sera taken before and after 
prophylactic vaccination with the same preparation, he took 
with him a supply of antigens prepared immediately before his 
departure. After his arrival in London, a small lot of treated 
guinea-pigs was tested and the sera of nine persons, to be vac- 
cinated, were examined with the old antigens which had been 
sent to London the preceding February, both without much 
diflRculty. The supply of the old antigens which had been used 
in these tests was then exhausted, and the new antigens, made 
in June, were used in further tests; but with them it was im- 
possible to obtain clear-cut reactions, in spite of repeated 
trials. 

The culture from which our antigens were prepared had been 
examined frequently during preceding years without marked 
changes being detected. On examining it again, in November, 
1914, its growth was still found to be typical of that of a human 
culture upon agar and upon bouillon; but to our surprise it 
had changed greatly in its morphological appearance, there be- 
ing now only few typical rods. Instead of these, we found 
extremely short forms, resembling fragments or even cocci and 
granules, which showed a greatly diminished resistance to acids. 
An increase of over 5 per cent sulphuric acid in the decolorizing 
fluid was sufficient to cause the retention op the counter- 
stain in most of the organisms and, with 25 per cent acid, in 
all coccus- and granule- forms ; only a few of the rod-forms were 
still acid-fast. 

Here, then, was a degeneration for which we were at first at 
a loss to account. A searching examination brought, we be- 
lieve, a most interesting explanation in the discovery of en- 
tirely unexpected changes in the chemical composition of the 
bouillon upon which the culture was grown ; this bouillon showed 
the presence of copper, evidently derived from defective tin- 
ning of the large copper vessel in which the bouillon had been 
boiled when it was needed in large quantities. The tubercle 
bacilli themselves contained copper in greater amount than 
did the bouillon upon which they were grown. When our pend- 



310 IMMUNIZATION AGAINST TUBERCULOSIS 

iug studies of the relation of copper to growth-energy and viru- 
lence of tubercle bacilli are completed, the results will be pub- 
lished in a separate communication. After planting the anti- 
formin residue from the degenerated culture upon agar, we now 
find once more nearly if not entirely typical forms which com- 
pletely resist decoloration with 25 per cent sulphuric acid; 
but in their sixth generation upon a copper-free medium, the 
bacilli still fail to give satisfactory results as antigens in 
complement-fixation and in agglutination tests. 

We have now been working for several months past with 
another culture of tubercle bacilli, and we find no difficulty 
whatever in obtaining satisfactory reactions with these tubercle 
bacilli when they are employed as a whole antigen in comple- 
ment-fixation; we expect that we shall find the fresh partial 
antigens equally satisfactory when they become available from 
this culture. 

During our investigations we experimented with variously 
modified technical procedures, as used or recommended by 
others or as adapted to our use by ourselves. While we suc- 
ceeded with none of them as long as we employed faulty an- 
tigens, all of them now give more or less satisfactory and 
uniform results with the tubercle bacilli from the new culture. 
One outcome of these studies was the abandonment of the 
**drop'' method for accurately measured quantities and dilu- 
tions, and a reduction of the total quantities of the several com- 
ponents used in the test, by which a great saving has been 
effected in complement and in hemolytic amboceptor, as well 
as in the serum that is to be tested. 

The reader who has followed the recital of these various 
experiences will realize that a rather confusing state of affairs 
was finally found to prevail, and appreciate that its theoretical 
explanation was naturally modified from time to time as any 
particular viewpoint forced itself upon our attention as best 
calculated to throw light on the subject. With the complete 
records, ordered and tabulated as they now lie before us and 
therefore comparable, we can understand the probable causes 
of these experiences far better than we could during their 
gradual accumulation, and yet even at this time we shall by no 
means attempt to pass final judgment, but shall defer doing 
so until we shall have reproduced the same condition deliber- 
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ately and intentionally, knowing beforehand the exact circum- 
stances with which we are dealing, and taking cognizance of 
what we now believe to have been the facts. 



As stated above, the difficulties in biological tests of serum 
were associated with an increasing prevalence of pseudo- 
tuberculosis in our stock of animals, which it was not possible 
to eliminate, even though we rebuilt and refitted our animal- 
houses so that they could be disinfected easily; we found the 
animals infected in larger or smaller numbers with one or the 
other of the pseudo types, as they were received from dealers 
or breeders, and in certain shipments we could not discover 
a single animal which was free from pseudo-tuberculosis when 
the entire lots were killed and autopsies made within a few days 
after their arrival. These preexisting infections, which will 
be discussed in detail in the next chapter, and their dissemi- 
nation after the animals were received by us, afford now an 
ample explanation for many anomalous observations. At the 
time, they aggravated the existing confusion which could not 
be cleared up until all the related causes were understood. 

Studies and investigations of this sort become increasingly 
difficult and tedious when more than one unknown disturbing 
element exists; but they enlarge our experiences and our view- 
point and become instructive especially in the course of bio- 
logical investigations. They also caution us against forming 
hasty conclusions. 



CHAPTER XI 



THE VALUE OF THE GUINEA-PIG IN EXPERI- 
MENTS IN TUBERCULOSIS 



We have stated that we uoted an unusual behavior iu some 
of the animals soou after we resumed our experimeutal studies 
on ^inea-pigs, in the fall of 1912, while others behaved nor- 
mally to the same dose of vaccine. After the first or a subse- 
quent dose, some of the animals appeared to be less active than 
before, and within one or a few days they had lost from 30 to 
100 grams in weight. Some of them died within one week; 
others continued to decline in weight, dying later in a state 
of extreme emaciation, and it was not possible on autopsy to 
find a sufdeient cause for most of the deaths, except the excessive 
loss of weight which was, itself, not explained clearly, although 
certain of the animals had more or less extensive genuine tu- 
berculous lesions in a condition of reactive congestion. The 
deaths were nevertheless remarkable, in that some of the ani- 
mals had succumbed, in the course of twenty-four hours, to so 
small a dose as one milligram of vaccine, whereas five hundred 
times that amount of old tubercidin is required to bring about 
tile same result in a tuberculous guinea-pig. 

A number of observations of genuine spontaneous tubercu- 
losis came to our knowledge in this manner. Some of the ani- 
mals died after one or more doses of the vaccine, others after 
they had been infected with tubercle bacilli incubated with 
immune serum, and in these cases death often took place at a 
time which was far too short for our infection to have produced 
the lesions which were found. We then resorted to cutaneous 
tuberculin tests, in order to weed out the tuberculous animals 
from our stock, with the results which we have mentioned in 
another connection (p. 267). 

Our attention had previously been directed to lesions which 
resembled genuine tubercle macroscopically, but in which focal 
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reactions were missed ; no tubercle bacilli could be found in the 
antifonnin residue, and histological examinations were nega- 
tive. These experiences led to the realization that, in addition 
to spontaneous genuine tuberculosis, we were confronted with 
an endemic of pseudo-tuberculosis, and a new problem presented 
itself with respect to the relation between the pseudo infection 
and the action of the vaccine in causing marasmus and death 
in animals which were apparently free from genuine tuberculous 
infection or disease. Apart from these two complications, ma*.^ 
of the animals under experimentation succumbed, in which no 
manifest cause for death could be discovered, unless it could 
be attributed to small, often minute lesions that were found 
in the lungs in the form of areas of induration, apparently 
chronic in nature. These lesions were so insignificant in ex- 
tent that it seemed unreasonable to bring them into relation to 
the mara.smus and death which followed the administration of 
small doses of vaccine or occurred after infections with tubercle 
bacilli incubated with immune serum. Another unusual ob- 
servation was that the site of the injection sometimes became 
hemorrhagic after infection with tubercle bacilli and that ab- 
scess occurred much earlier at the infection site than is usual 
in normal animals. It was remarkable that either pseudo- 
tuberculosis or the minute lesions in the lungs were always 
present in the animals that succumbed so promptly, or after 
a short time in a state of marasmus, and it was noted further 
that infections made in the course of the control experiments 
for bactericidal tests, in which the tubercle bacilli had been 
incubated with normal serum instead of immune serum, as a 
rule did not cause early death or marasmus, even though the 
same lesions were found in the animals after they were killed 
in the course of the experiments. 

In our attempts to account for the unforeseen and often 
surprising phenomena which we observed, we have come to cer- 
tain conclusions which we formulate in the shape of a theory. 
We do not attempt to decide at present whether this theory is 
sufficient to explain our observations, but give it for what it is 
worth. 

Our theory is as follows: 

** Pseudo infections in guinea-pigs cause the development of 
a specific immunity against the related microorganisms, in con- 
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sequence of which the disease remains localized, and the liealtli 
of the animal is not disturbed. 

"This immunity is interfered with or suspended by the reac- 
tion which follows, when the animal is subjected to Ihe influence 
of toxins that are formed in response to an infection with tu- 
bercle bacilli (and probably with other pathogenic bacteria 
also), or if it receives a parenteral injection of their toxins 
This occurs by reason of the local and general reaction to the 
'"j°"*'"" of tnbercle bacilli or of their toxins, by which the 
enstymes (complement) are used up, and not enough or none 
are left available for the defense against the pseudo infection; 
the pseudo bacteria, therefore, grow and multiply rapidly and 
enter the blood, through which they are conveyed to the area 
of local reaction which is in prt^ress. Being all rapid growers. 
these organisms are responsible also for the hemorrhagic changes 
and for the early breaking-down of the local tissue at the in- 
fection site, while marasmus and death stand in relation to the 
general pseudo bacillemia." 

"With the aid of this theory we can explain the fact that the 
animals frequently appear to remain entirely free from mani- 
fest disease, that they may gain in weight and show only 
insignificant pseudo lesions after accidental death, or more ex- 
tensive lesions with a marked tendency to fibrosis. We can 
likewise understand that the toxemia would be greater after 
tlie injection of tubercle bacilli incubated with an active immune 
serum, and after the liberation of anaphylatosiu in conseqTience 
of this incubation: also that the same would be the case in 
animals that had acquired a certain degree of specific immunity 
before being infected with virulent tuliercle bacilli. This af- 
fords an explanalion for tbe observation that marasmus and 
death usually occurred only under these conditions. 

Whatever explanation may ultimately turn out to be the true 
one, we have found these pseudo lesions so frequently in ani- 
mals purchased from numerous dealers and breeders in this 
country, and it was met with so constantly in London, that we 
have been obliged to give up all experimental work with guinpa- 
pigs until wc may be able to find a reliable supply of normal 
animals or, if need be, until we can arrange for tbe breedinfi 
of our own stock. 

It is of course possible to control ail autopsy findings by 
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ezamining sineant aud sections from the lesions that are found, 
and we have been L-arcfiil to do so when it became evident that 
the macroscopic appearance of the lesions alone could not be 
depended upon. 

In the various types of pseud o- tuberculosis which we ob- 
served ourselves we have found tliat the macroscopic resem- 
blance to genuine tubercle appears to stand in relation to the 
age of the lesion, and that, in the type in which we observed 
the slight pulmonary lesions, there is mort marked orgaiiiitation 
in the lesions of apparently longer standing, which are then 
characterized by peribronchial and perivascular thickening and 
infiltration, whereas a greater histological resemblance to genu- 
ine tubercle is noted when they are recent. 

Rabbits are also subject to these pseudo aifeetiona, and in these 
animals we have, in addition, to contend with coceidiosis. We 
have, however, not found psendo-tuberculoais to interfere so 
seriously in rabbits by early deaths, and, except for the neces- 
sity of making sections of all or at least of the principal lesions, 
we can use these animals for infections with tubercle bacilli of 
bovine origin. Rabbits are, however, not suitable for experiments 
with the human type, because this is only slightly or not at all 
virulent for them. 



PSEUDO-TUBERCULOSIS 

The term psendo- tuberculosis was first employed by Eberth,* 
who described some lesions in guinea-pigs which were similar 
in appearance to those of genuine tuberculosis. The principal 
histological characteristic which differentiated these lesions 
from true tubercle was the absence of giant-cells; the affection 
was found to be due to a micrococcus. Later, several types of 
pseudo-tuberculosis were described by Preisz.' We omit from 
our present consideration the Tuberculose zoogleique of the 
French authors, because it is not relevant to our subject. 

One of the three types of pseudo-tuberculosis spoken of by 
Preisz was that due to the Bacilius of Psrudo-Tuherrulosis of 

'C, J. Ebekth; Virch. Areh. 1885, C, 15, and 188Q, Cm, 488 
'For literature sec K. Okabekt, ia Kolle & Wasskbmann; Eandbuch 
def patliOKenen MikroorgaDismen. Jena (Figciicr), III, 1905, 751. 
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Rodents, first described by A. Pfeiffer." This is a saprophyte 
which is frequent in nature and acquires pathogenic charac- 
teristics accidentally. It is most frequently the virus responsi- 
ble for the plague of rodents, which is quite coTiiniou in guinea- 
pigs. Pfeiffer found that the inoculation of pscudo- tuberculous 
tissue taken from a horse, caused guinea-pigs to die eight to 
nine days later. At the point of infection an induration had 
formed, passing into an ulcer with cheesy, friable pus. The 
inguinal and mesenteric glands were swollen; the adjacent con- 
nective tissue was set with nodules, often in pearl-string arrange- 
ment. Like nodules were found in the omental fold between 
stomach and spleen, also in the spleen itself and in the liver. 
According to Pfeiffer, the lesions of pseudo-tubereulosis of 
rodents are characterized by their rapid evolution and by the 
rapid breaking-down of the pathological tissue; also by the 
prompt disappearance of the bacilli from the necrotic or case- 
ous tissue. His cultures of the bacilli, on sheep-serum, grew 
in the form of small drops, slightly opalescent. While the 
lesions have a close resemblance to those of glanders, Pfeiffer 
found that the bacillus is quite different from Loffler's Bacillus 
of Glanders; it stains well with fuehsin and metbylcne-blue 
(alkaline), and is Gram negative. Spores were not observed. 

Pfeiffer 'a type of pseudo-tuberculosis of ro<lent8 has been 
studied frequently, more recently by Messersehniidt & Keller,* 
in whose experience it had a more virulent and deleterious 
character than that of genuine tuberculosis in guinea-pigs when 
it is acquired by "natural" infection. In the pscudo lesions 
they found that giaut-cclls were always, epithelioid cells almost 
always absent, and that therefore the histological differentiation 
of pseudo- and of genuine tuberculous lesions presented no diffi- 
euity. The constant absence of giant-cells is, however, denied 
by Apostolopoulos,' and also by Kirch," both of whom found 
them in some of the sections which they examined. Aposto- 

• A. PntTFfES; Uaber die bacillira Pseudotuberkulose der Nagetiere; 
Leipzig, 1S89. Cf. Oentrlbl. f. Bakt; 1S90, Til, 219. Also ef. K. OaABIXT; 

■Th, Messebschmum a Ebllek; Zeitschr. t. Hyg„ etc, 1914, LXXVTI, 
289. 

'G. B. Apostolopoulob ; Inaug. Dibb. Tiibingen, 189.1. 
'E. Kirch; Arch. f. Uyg. 1013, LXXVIII. 327. 
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tbpouloa also saw cells which corresponded with epithelioid 
cells; while he noted typical Langerhans' and epithelioid cells, 
especially in liver lesions, he missed the central caseation as it 
occurs in typical tubercle, which does not quite correspoud with 
the central necrobiosis observed by him in the pseudo lesions. 
Aposfolopoulos studied lesions produced by Pfeiffer'a bacillus, 
but Kirch's examinations were made on pseudo- tuberculous 
lesions due lo the Bacillus paralyphoeus B., and are therefore 
not comparable to the former. 

The second type of pseudo-tubereulosis which we met was due 
to the Bacillus abortus Bang, and was first described in this 
country, in its causal relation in the affection under discussion, 
by Schroder & Cotton," Our findings are in all respects so 
entirely in agreement with those of these authors that we re- 
produce a portion of their description in the following: 

"The bacillus ot abortion is a Don-aci'J-fa«t bacillus, with rouaiteil pmle. 
about tlie size of the tubercle bacillus of the bovine tjpe. On cover glau 
smi^arB from cultures, stained vith IJitller'a methylene- blue, the individual 
bacilli appear very minute and somewhat aepornted from each other; stained 
with Stirling 'a or with anilin gentian violet, they appear to be larger and 
to lie more ctoselj together; the bacillus is Oram -negative. 

"Guinea-pigs become infected through inoculation with or bj the in' 
gestion of pure cultiirea or of naturallj infected milk; thej show no well- 
marked lesions until aiter the passage ot six weeks or more. The gross 
anatomical lesions are an extreme enlargement anil edema of the lymph 
glands generallj; the appearance of small glistening nodules in the lungs, 
which seem to be caused by the enlargement of minute lymph glands that 
are ordinarily too small to be visible; the conversion of the minute nodules 
IB the lungs into larger necrotic areas; an enormous enlargement of the 
spleen, often to thirty or forty times its normal volume, an irregular thick- 
ening of the capsule of the spleen through which its surface becomes 
marked with white areas varying in size from mere points to several centi- 
meters in diameter; an cnlorgcrnvnt niiii liegeueration of the liver, which 
organ becomes thickly beset on surface and section with irregular, pale- 
yellow or dirty-white areas that seem t« bo due to an enormous prolifera- 
tion of connective tissue and a consequent crowding out and obliteration 
of the liver-cells proper; a diffuse pareiichymatoua nephritis that roaches 
etages in which dense, fibrous nodules are formed in the cortex of the 
kiilni^s; and, in the male guinea-pig, a degeneration of the testicles, com- 
monly beginning in the epiiltdymis and often resulting in the conversion 
of one or both testicles into structureless cysts fllleil with creamy pus. 

■ E. C. ScHRuDEB & W. C. Cotton ; £Sth Annual Beport; Bureau of Ani- 
mal Industry for 1911. Washington, 1913, p. 139. 
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"The milk of a tuberculous cow, wbicb contained botli tubercle bacilli 
and tbe Bacillus abortus, caused both tuberculosis and the pseudo disease 
in the guinea-pigs infected with it, aSiowing that the tno dieeaacs can live 
in harmoDj in one animal bodji; in fact, each seemed 1 
perniciouB potency of the other." 



A third type of spontaneous disease in our guinea-pigs, which 
seemed to be more prevalent than the two types just mentioned, 
presented little or no macroscoplcal reserablanee to tubercle. 
and its possible relation to our unexpected results did not sug- 
gest iteelf for some time, the lesions beiog described in our 
earlier autopsy-protocols as pneumonic. We do not find this 
type mentioned in literature at all. 

The lesions had the appearance of pneumoniu consolidation-s 
or infiltrations; they were found in the form of indurated lung 
areas, usually in the tip of an apex, often singly and very sinaU, 
one or two millimeters in diameter. In some cases they formed 
narrow bands along the borders of the upper lobes, and at times 
the adjacent borders of the other lobes, or tbe tissues irame- i 
diatfly underneath were involved, being affected evidently by 
contact. There were, however, also scattered or diffused locali- 
zations, apparently of more recent date, and it is particularly 
these that had often been interpreted by us as pneumonic. The 
condensation of the tissue was then less marked, and its color. 
which was dark in the typical le.sions and closely resembled 
that of the heart-muscle, was lighter, as it is seen in pneumonia.; 
the foci were then not defined so sharply. 

Histologically the sectioned tissue of the more recent lesions 
were characterized mainly by an infiltration with round-cells; 
but giant- and epithelioid cells were found in some of them. 
Older lesions showed more oi^nization with connective and 
fibrous tissue, presenting the picture of a productive infiam- 
matiou. The antiformin residue contained no tubercle 
bacilli. 

The histological findings were often confusing, especially at 
the earlier periods, when we first examined these lesions; this 
was not only our experience, but that of other skilled patholo- 
gists also. Professor Zeit, of Northwestern University Medical 
Scliool, to whom we submitted specimens for examinaliou. wrote 
concerning his findings that he could make no other histological 
diagnosis of the pulmonary lesions than "lymphangitis iubercu- 
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loaa perivascularis et peribronckialis," and he aiUk'd that I'ro- 
Ei-ssor Kendall agi-eed with him in this diagnosis. 

The eulltires made from scared tissues, and fi-om heart-blood 
taken during life under chloroform, and abio immediately after 
death, always under aseptie precautions, showed a small, Gram- 
negative coe^us resembling that of pneumonia. 

Of the various other forms of pseud o- tuberculosis which may 
be found in guinea-pigs, although they did not eome to our 
notice, mention may be made briefly of one which was de- 
scribed by McCoy & Cliapin." who isolated an orgaoism from 
animals dead of a plague-like disease of rodents, which causes 
lesions, the subacute or chronic types of which, in guinea-|)igs, 
bear a very strong resemblance to those of tuberculosis. So 
marked is the similarity that the authors usually stain smears 
for acid-fast bacilli. 

Neisser " and Eckersdorff '" describe the results of their 
studies made in almost one hundred guinea-pigs affected with 
pseudo-tuberculosis, the causative virus of which was idcntiHed 
as belonging to the paratyphoid group. In about one-third 
of the animals the lesions were similar to those of tuberculosis. 
The typical yellowish- white foci ranged in size from that of a 
pin-head to that of a pea; they were found almost always in 
spleen, liver, mesenteric glands and, exceptionally, in the pan- 
creas. Occasionally there were adhesions between the organs; 
sometimes catarrhal and diffuse swelling of the intestinal mucosa. 
Kirch cites Dielerlen,'^ who described two cases occurring in 
the animal stock of the Imperial Health Bureau. Grayish- 
yellow, pin-head pseu do- tuberculous foci were found in the 
spleen, evidcutly due to spontaneous infection with a bacillus 
which was identified as Bacillus paratyphosus B. ; Kirch shows 
by the re.sults of his own studies that pseudo-tuberculosis in 
guinea-pigs is often caused by this microorganism. He describes 
a case which he studied in a guinea-pig which had not been 

•G. W. McCoy & Ch. W. Chapin; Public Health BuU. No. 53; WmIi- 
ington, 1912; also Journ. of Infect Bis.; 1912, X, p. 61; and elsewhere. 

'M. Neisseb; Centrlbl. f. Bakt. Rcf. Bciheft. 1906, XXXVIir, 99. 

"ECKEasDoarr; Art. a. d. kgl. Inst f. Eiperim. Ther, z. Frankfurt 
a.M.; 1008, Hft. i, S. 68; ef. E, Kibch, toe. fit. 

"Dieteblen; Arb. a. d. kais. aes.-Ainte.; XXX, Hft. 2; ef. Kirch, 
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treated in aiiy manner and had evidently been infected s] 
taneoutily. 

On account of the marasmus iudm-ed by an associated infec- 
tion, whicli we observed bo frequently, it may be of interest 
to cite an older case, reported by Itetteueourt,'' in a lot of 
guinea-pigs inoculated wilb material from hypertropbied tonsils 
and adenoids; among them was an animal that had died twelve 
days after infection. On the day of infection its weight had 
been 420 grams ; after death, twelve days later, it weighed only 
208 grams. Nodules were found in the peritoneum, spleen. 
liver; the mesentery was stmlded with them. No Koch's bacilli 
could be found, hut a small bacillus which was identified with 
Preiaz' bacillus of pseudo- tuberculosis. The reviewer adds: 
"This observation proves the necessity of confirming the au- 
topsy results histologically and by culture experiments, so as 
to avoid attributing pathological changes to the Koch's bacillus, 
for which it is not responsible and which are not due to its 
action. ' ' 

In the light of these observations, including our own, there 
can be little doubt that errors have entered into experimental 
studies in tuberculosis upon guinea-pigs, which were not recog- 
nized, and that some of the contradictory findings by different 
observers, and again by the same obser\'ers at different times, 
may have been due, at least in part if not wholly, to the fact 
tliat pseudo lesions were erroneously taken for genuine tubercles. 
This appears to be the more probable when it is taken into 
consideration that smears and sections are not made, as a rule, 
unless the tuberculous nature of the lesions is manifestly doubt- 
ful or improbable, a course which we have followed ourselves 
in the past, and which is still adhered to by other investigators, 
as far as we know from personal observation and from pub- 
lished experiments. How easy it would then be to err will 
appear from a description of a single autopsy made in our 
laboratory 250 days after infection. 

GuiNEA-PiQ No. 418. Weight 400 grams; infected Nov. 12. 
1912, with 0.0] mgr. of a human strain of tubercle bacilli, 
after 24 houi-s' incubation at 37° C. with four drops of active 

Abst CentrlbL 
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" A. Bbttbi 
f. Bftkt; 189 



murt; Archivoa de Medicinft; 1897, October. 
, XXIV, 84. 
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inmiune serum taken from a child four years old, 12 months 
after vaccination. The serum showed complete complement- 
fixation with all antigens, and the bacilli had undergone marked 
morphological changes, as shown under the microscope, before 
they were used for infection. After a loss of 60 grams, during 
the first two days after infection, the animal held its weight 
for a week and then recovered its former weight, gaining there- 
after until it weighed 560 grams when it was killed on the 
250th day after infection. 

At the infection site, which was the right axilla, we found 
a scar; there were two lymph glands in the axilla, about 3 and 
5 mm. in diameter, both hard to the touch. On cutting through 
it, one of them showed slight caseation, the other cut like carti- 
lage; the smear from the first gland showed a few acid-fast 
fragments and granules; in the antiformin residue from the 
second gland several well-stained rods were found, and also 
a few doubtful fragments. No other enlarged glands were 
found, except one mesenteric Ijnnph node, about 6 mm., from 
which a whitish, softened material could be pressed out, the 
smear made being negative as to acid-fast material. The spleen 
was much enlarged, about 20 by 60 mm., and was full of gray- 
ish nodules, J/^-1 mm. in diameter, looking exactly like tubercles; 
the liver presented a similar appearance, only that the organ 
was not visibly enlarged and the nodules were less in number, 
several being 3 mm. in diameter. In the omentum six nodules 
were found, of uniform size, about 2 mm. in diameter ; the rest 
of the abdominal and also the thoracic organs showed nothing 
abnormal. 

We doubt that any one who might have seen the autopsy 
of this animal would have doubted that he had a tuberculous 
animal before him. Even though he had made smears from 
the mesenteric gland, he would not have faltered in his opinion 
on that account, because tubercle bacilli are not always found 
in caseous lesions. Sections were made, however, from the 
spleen, liver and omentum, and no tubercles could be found in 
them; smears from the antiformin residues were all negative 
as to tubercle bacilli. 

It would be easy to fill pages with similar autopsy findings, 
including many in which the animals had not been infected by 
us, or in which our infections were so recent that the formation 
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of tubercles anywhere could not be considered as due to them. 
In the present case, we recorded the result as an apparent 
failure until the section showed that we were justified in claim- 
ing the experiment an successful, even though a few acid-faM 
granules and tubercle bacilli were found in llie regional lymph 
glands, which in itself does not constitute tuberculosis; the leas 
80, as the one gland was undergoing fibrous changes and the 
other one had become completely fibrous. The auiinal was in 
good condition when it was killed, 250 days after infection; the 
control had died of generalized tuberculosis on the 57th day. 

In other cases the appearance of the pseudo lesions would at 
once cause one to question their genuineness; for instance, when 
they are few in number, perhaps 5-6 mm. in diameter; even 
though the frequent necrosis of the center is su^c-stive of 
caseation; or when more diffused fibrosis or necrosis is found 
in patches, in otherwise normal parenchyma. It is often, or 
even as a rule, possible to judge these lesions correctly by their 
form and appearance, especially when no infection has been 
made, or when the short time that has elapsed since infection 
itself precludes the possibility of any relation to the lesions. 



SPONTANEOUS GENUINE TUBERCULOSIS IN 
GUINEA-PIGS 

If the prevalence of pseudo-tuberculosk can interfere very 
seriously with animal experiments, the same is true to an even 
greater degi'ee for genuine tuberculosis if this occurs spon- 
taneously or by so-called natural infection, in presumably new 
and normal animals which have just been received from breed- 
ers or dealers. A review of the literature of spontaneous genn- 
ine tuberculosis in guinea-pigs has afforded us much interest- 
ing information and support. 

It may appear strange that observations like ours have not 
been made more often by other investigators. Although the 
spontaneous occurrence of pseudo forms of tuberculous disease, 
and also of the genuine affection, in rodents, was insisted upon 
occasionally by certain authors, and though even the propriety 
of employing them for experimentation was questioned some- 
times, these small animals were so convenient, and seemed suited 
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SO eieeptionally well for experiments with the tubercle haeillus, 
that no sufBeient reason appeared to exist why conditions should 
be changed. When, however, the more recent studies in im- 
munology demonstrated that even the guinea-pig may develop 
an immunity to infection, and that even in this animal indi- 
vidual differences exist in the susceptibility to infection and in 
the evolution and course of tuberculous disease, contradictory 
observations came to be made with increasing frequency during 
the attempts to protect these animals against virulent infec- 
tion, by prophylactic treatment with bacillary products. These 
contradictory results then called for detailed investigations, 
and it was found that spontaneous genuine tuberculosis is not 
as infrequent as was supposed. 

Many years ago, Simon '' had denied the reliability of experi- 
ments with animals, because, according to him, tuberele did not 
occur in rabbits and in other small animals. Virchow," who 
cites him, adds that he himself has never seen true tuberele in 
animals." 

Villerain " called attention to the contradictory views con- 
cerning the occurrence of tuberculosis in rodents, some authors 
claiming that it is frequent, especially in rabbits, while others 
say that it is rare. Villemin himself saw reason to believe that 
the disease occurs naturally in rabbits, guinea-pigs and squir- 
rels. He, nevertheless, did not consider this of sufficient impor- 
tance to exclude these small and convenient animals from 
raployment in his experiments. His work and that of other 
investigatoi's showed that the views expres.sed by Simon, Virchow 
and others were erroneous. 

Referring to the assertions that spontaneous tuberculosis is 
frequent among rodents. Waldenburg held '^ that this view was 

" John Sfmon ; General Pathologj. London, 1850, p. 168, ef . 

"Bud. Virchow; Krankhaft* Gpschwiilste. Berlin, 11, 1864-5, S. 716. 

" The reasoQ for this asBertion, which appears very strange to us at tha 
present time, lies ia Virchow 's definition of the true tubercle, and in hie 
refusal to accept anjthing but the gray miliary tuberele, witi ita iTpiul 
Btmeture, as genuine. It ie also to be remembered that the bacteriologickl 
criterion of a tuberculous lesion was not known at the time when the 
I works just cited were published; and that "tuberculous" wai n 
pathological and descriptive term, not an etiological one as it is to-day. 

"J. A, ViI.lJiMiN; fetudcB sur la tuberculose. Paris, 1868, p. 517, 

"L. Walbknburo; Die Tuberculose. Berlin, 18(19, 8. 3B3, 
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explained by the fact that eveiy (.'aseous lesion was considered 
to be tuberculous. In agreement with Virchow, his criterion 
of what conatitutes tubercle was the gray miliary tubercle and. 
while he frequently observed caseous nodules in his rabbits and 
(niinea-pigs, he said that he never found miliary tuberclcB. and 
therefore he denied the supposed or alleged frequent occur- 
rence of tuberculosis in these animals. This opinion the author 
believed to be supported by the results of Villemin, who kept 
inoculated and normal auimals in the same cage and un- 
der like conditions, finding the former affected, the latter 
not. 

In citing the alleged fact that spontaneous genuine tubercu- 
losis either does not occur or that it is extremely infrequent 
in guinea-pigs, most writers content themselves with quoting 
Koch's observation, found in his classical monograph on the 
etiology of tuberculosis,'" to the effect that among hundreds 
of recently bought guinea-pigs, which were autopsied in the 
course of other experiments, he had never once found a tu- 
berculous animal. Spontaneous tuberculosis always occurred 
in isolated instances and never earlier than three or four months 
after the animals had been placed in the same room with thoee 
that had been infected with tuberculosis. In animals with spon- 
taneous tuberculosis, of which he gives nine autopsy -records in 
guinea-pigs, and six in rabbits, the bronchial glands were, with- 
out exception, found greatly enlarged and suppurating; in 
most eases the lungs contained a cheesy focus with far-advanced 
central destruction, so that repeatedly true cavity -formation 
had occurred, just as in human phthisis. The tubercles in the 
abdominal cavity were developed far less than those in the lungs. 
The swelling of the bronchial glands and the eomraencement of 
the process in the respiratory or^ns do not admit any doubt. 
in Koch's opinion, that spontaneous tuberculosis in these ani- 
mals is an inhalation-tuberculosis, originating from very few 
tubercle bacilli or possibly from a single one, and for this reason 
taking a very slow course. The important point is that, in 
Koch's opinion, spontaneou-s tTiborculosis is not frequent in 
giiinea-pigs and does not interfere seriously with tuberculosis- 
experiments. 

In tbe second edition of their textbook, H^rard, Comtl & 

"RoBKBT Koch; loe. dt. (p. 62). 



VALUE OF GUINEA-PIG IN EXPERIMENTS 826 

Hanoi ^® are of the opinion that spontaneous tuberculosis in 
^inea-pigs practically does not exist. Straus ^^ also says that 
the guinea-pig and the rabbit, the former of which is very 
sensitive to inoculation, are never, so to speak, affected with 
spontaneous tuberculosis. He adds that a spontaneous infec- 
tion may occur exceptionally in laboratories in which tubercu- 
losis-researches are carried out. Baumgarten *^ does not even 
admit the cases described by Koch as having been due to con- 
tact or ** natural" infection, but attributes them to wound- 
infections, or perhaps to heredity. In over ten years he has 
not seen a single case of spontaneous inhalation- tuberculosis 
in his experiment animals, although the conditions for its ac- 
quirement were favorable. In a recent edition of his text- 
book ^^ this author says that he has often placed healthy guinea- 
pigs with those which he had infected in the eye, and that the 
healthy animals industriously lick the sore eyes of the infected 
ones; yet he has never seen an ingestion- or any other form of 
tuberculosis develop in this manner. 

Gartner ^* believes spontaneous tuberculosis to be rare in 
rodents, and positive reports to be quite exceptional. Among 
181 guinea-pigs, which he employed for his investigations, the 
disease developed spontaneously in only four, that is, in 2.2 
per cent. 

Of 59 female rabbits which Gartner kept together with bucks 
that had been infected in the testicles, only two died of pul- 
monary tuberculosis in the course df twenty months, in spite 
of the fact that several of the bucks had open genital ulcers. 
Of 65 female guinea-pigs, which he kept with male animals in- 
fected in like manner, 4 died of tuberculosis in the course of 
twenty-four months. In two of them the lungs were the pri- 
mary seat of localization; in the other two this could not be 
determined. The total frequency of 2.2 per cent of spontaneous 
tuberculosis in his guinea-pigs was ascertained by careful au- 

^Hia^RD, GoBNiL & Hanot; La Phthisie pulmonaire. Paris, 1888, p. 
272. 

** I. Stbaus ; La Tuberculose et son bacille. Paris, 1895, 372. 

'^P. Baumgarten; Lehrbuch d. pathol. Mykologie. Braunschweig, 1890, 
614. 

"P. V. Baumgarten; Lehrb. d. pathogenen Mikroorganismen. Leipzig, 

1911, 699. 
"A. Gartner; Zeitschr. f. Hyg., etc. 1893, XIII, 101. 
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topsy of all animals that died or were killed, because llie author 
desired to determine the importance of this source of error and 
to eliminate Jt. Hia animals came from various parts of Ger 
many and Austria, and lie believes tliat the frefjnfney found by 
faim constitutes the average. 

Leray " says that in rabbits and guinea-pigs spontaneous 
tuberculosis seems to be quite exceptional, in spite of the great 
susceptibility of Ihe latter animals for tuberculosis-infection, 
Orfh" concludes from his experience that the danger of spon- 
taneous infection in guinea-pigs, with tubercle bacilli, is very 
slight. Hundreds of guinea-pigs live in his institute for years 
without showing a trace of tuberculosis. 

In the study of the lymph gland system, in which Welemin- 
sky " unfolds his views concerning the import-ance of the bron- 
chial lymph nodes for the entire lymphatic apparatus, he relates 
an experiment in which two guinea-pigs were infected subeu- 
faneously in the inguinal region. On the death of both ajiimals, 
four weeks after infection, it was found that the regional lymph 
glands were involved only slightly, but that much older lesions 
were present, in the upper air passages in one, and in the di- 
gestive tract in the other animal. According to a personal 
communication, Welerainsky found the mesenteric, submental 
and submaxillary glands enlarged in those cases of spontaneous 
tuberculosis in guinea-pigs which he had an opportunity to 
observe; and the infection progressed very slowly. While the 
spontaneous disease occurred frequently in the old laboratory 
of the Hygienic Institute in Prague, where the animals were 
crowded in a dark room, he does not remember having seen a 
single case since moving into the new laboratory in 1908. 

Calmette" stales that, while the guinea-pig is the most sus- 
ceptible of all mammalia to experimental infection with tubercle 
bacilli, it presents the curious peculiarity that it hardly ever 
acquires tuberculosis spontaneously in breeding establishments. 

Liebermeister '* claims never to have obsei-ved spontaneous 



"Leratj ThSse dfi Paris; 19B7. 

■JoH. Obth; Vireh. Arch. 1007, CXC, Beiheft, 13, 
"Fk. Wbi^minskt; Berl. klin. Wophcnsclir. 1905, SLII, 1010. 
"Calmettb, Ou^itiK & Breton-; Ann. U. I'lnslit Paiteur; 190T, ZXI, 
101. 
"Q. LiEBEBMBiSTER ; Virch, Arch. 1909, CXCVII, 332. 
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tuberculosis in guinea-pigs, although he paid particular atten- 
tioD to it. It must, however, be addetl. as Kahn " points out, 
Ihat some of Liebcrmeister 's results certainly suggest spon- 
taneous disease ; for instance, his case No. 24, where the guinea- 
pig had died six days after infection with the patient's blood, 
and was found to have several caseous foci. Kahn insists that 
six days is too short a time for caseation to have occurred from 
the artificial infection. He cites several other instances in 
Liebemieister's report, which can be explained only by assum- 
ing the occurrence of a spontaneous iufcction. 

Although TioTuer "" reports some experiments in which three 
guinea-pigs were found to have spontaneous tuberculosis of the 
cervical lymph glands, he holds" that spontaneous disease is 
so rare in these animals that its frequency in the stock of the 
Hygienic Laboratory in Marburg is not over one-half per cent. 

We have stated that Simon and Virchow denied the value 
of experiments in small laboratory animals, because these were 
not subject to tuberculosis. Other authors objected to their 
use from the opposite viewpoint, and claimed that the results 
of experiments upon small rodents, especially guinea-pigs and 
rabbits, were illusory for the very rea-son that they acquired 
the disease spontaneously. Rugc,*' tor instance, relates that 
Kostcr, of Wiirzburg, had reporteil the occurrence of spon- 
taneous tuberculosis in guinea-pigs, and he himself describes 
"primary or idiopathic tuberculosis of spontaneous origin" in 
four guinea-pigs and in one rabbit, bought in Berlin. The le- 
sions were found principally in the lungs, less in the pleune and 
the abdominal organs. Ruge concludes from his experience 
that "the usually assumed integrity of guinea-pigs with respect 
to tuberculosis is no longer tenable, and henceforth inoculation- 
tuberculosis in these animals cannot be taken as a product com- 
pletely foreign to the guinea-pig character." In a paper read 
before the Fierlin Physiological Society, Bernhardt " consid- 

■Bd. KiH«; Beitt. z. Klin. d. Tuberkulose. 1013, XXVIII, 283 (328), 

"P. H. Kawra; Beitr. i. Klin. <l. TuberlciilOBe. 1909, Xin, 1, 

■P. H. RiiMm & K. .JnsKPH; Beitr. z. Klin. d. Tuberkulose. 1910, 

XYll, 287. 

"C. A. Bdge; Inaug, Diss. Berlin; 1869. 

"M. BesNEARirr; Centrlbl. f. d. med. WisBenBeh., 1870, VIII, 278, and 

Bert. Win. Wochensclir., 1870, VII, 336. 
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ered the spontaneous occurrence of tuberculosis in guinea-pigs 
as indubitable, independently of experimental manipulations ; in 
view of the cases which he had observed, he questioned whether 
these animals were suitable subjects for experimentation. In 
his well-known article on scrofulosis and tuberculosis. 
Arloing"' refers to the "extreme" sensitiveness of the guinea- 
pig organism to the virus of tuberculosis. Professor Heller, of 
Kiel, is said by Gartner "^ to have lost his entire supply of 
rabbits and guinea-pigs from tuberculosis, when he exposed the 
normal animals to infection by keeping them in the same stable 
with the infeelcd animals. 

According to Wassermanu,'* it is a well-known fact that, in 
laboratories in which many tuberculosis-experiments are un- 
dertaken, the distribution of the tubercle bacillus, and with 
it the possibility of its unintended transmission in animal ex- 
periments, is quite considerable; also that in the animal stables 
of these laboratories a not inconsiderable proportion of the 
highly susceptible guinea-pigs perishes of spontaneous tubercu- 
losis. While some years ago Riimer stated, as has been said, 
that spontaneous tuberculosis in guinea-pigs is of very rare 
occurrence, and that usually it can be recognized easily, he 
expressed himself more recently "' as being convinced that many 
authors have overlooked the possibility of such a contingency 
in the interpretation of their results. Although spontaneous 
tuberculosis is infrequent in guinea-pigs, it certainly does occur 
and may even be observed in epidemics. This conclusion was 
probably based upon an experience in the Hygienic Iiwtitute, in 
Marburg, upon which Feyerabend '" reported recently. This 
author described certain obser\'ations in three lots of guinea- 
pigs i*eceived from the same dealer, in which 19 out of 150 
animals were found to have spontaneous tuberculosis. The in- 
fection was of the bovine type and was traced to a goat which 
had been kept in the same pen with the pigs, and with the 
milk of which the latter bad been fed. The goat had recently 
been coughing and, on being killed, was found to have several 

"8. Abloinq; Bcv. J. M&i. 1S87, VII, 97. 

■A. Oabtnkb, U)C. oit. (p. 32Q). 

■ A. WA3SKRMA.VN ; Zoitsclir. r. Hyg., etc. 1894, XVn, 3*3. 

"P. H. EiiMKB; Miinch. med. Woohenwlir. 1B13, LS, 67.1. 

■Q. Fetekabend; Bdtr. i. Elin. d. Taberkiilose. 1913, XZLX, I. j 
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"Targe eavities filled with pus in the lungs; the udders were 
otudded witli nodules. Albahary "" describes an experiment on 
three guinea-pigis which received 0.5 cc. of old tuberculin every 
three days. One of Uie animals died after sis days and was 
found to be tuber<'ulous. According to Eyre.'" guinea-pigs are 
often naturally infected with the bacillus of tuberculosis, and 
he believes it to be a wise precaution to test the animals as soon 
as they reach the laboratory by injecting 0,5 cc, of Kocb's old 
tuberculin which causes death ia the tuberculous animals in 
forty-eight hours. 

Klopstock & Seligmann *' believe that "stable- in feetion" may 
at times become of importance in animals which are kept for 
a long time ; and Mowes " speaks of the possibility of a spon- 
taneous exogenic infection in guinea-pigs. 

In referring to the generally acknowledged fact that guinea- 
pigs are more susceptible to artificial infection with the tubercle 
bacillus than all other animals, v, Rehring" also points out that 
esperiments in small animals like these are far more difficult 
than those in larger animals, and that the results do not admit 
of direct conclusions or deductions as regards conditions in 
larger animals and in man. Moreover, it happens that the most 
interesting guinea-pigs and rabbits are lost, often after pro- 
longed and arduous observation, in eon.sequenee of an acci- 
dental stable infection or through some other mishap, and that 
important experiments are seriously disturbed in this manner. 
For these reasons, v. Behring has. for some years, used the small 
laboratory animals only for preliminary experiments, but cm- 
ploys larger animals for all important researches in immuniza- 
tion against tuberculosis. 

In view of the many positive reports which have been cited, 
it cannot be denied that spontaneous tuberculosis, independent 
of artificial infection, may and does oi'cur in guinea-pigs and 

"J, M. Albahabt; Miiiich, me.i. Wodionsphr. 1914, LXI, 1385. 

".I. W. n. Eyrk; Th« ElementB ot Bact«riologic Technia. Philadelphia 
and Londan, 2nd cd., 191.t, 339. 

"F. Elofstock & W. SeliouanN; Zeitschi. f. Hyg:ieiie. 1914, LXXVI, 
77. 

•*C. MSwbb; Veriiffent. d. Bob. Koch. Stiftung. Berlin, 1914, Hft 5, 
S. 44, 

"E. V. Behkino; Beitr. is. experim. Ther. Marburg, Hft. 5, 1902, S. 
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that, in these atiimalH as in all others and in man, it is simply 
a question of exposure to infection. In support of this view, 
the experiments of Bartel & Spieler " are of interest. 

These authors report experiments upon guinea-pjga which 
they exposed to infection in rooms occupied by coosuraptivea. 
The exposure was not forced in any way, that is, Ihe animals 
were not deliberately coughed at or spat at by the patients, as 
had been the procedure in several older experirueuts reported 
in literature, but they were simply kept in the same rooms as 
the patients, being exposed very much in the same manner as 
small children would be. The exposure lasted from four hours 
to several days, after which the animals were returned to the 
Institute. Some of them developed marasmus without tubercu- 
losis; others became tuberculous; still others were not anatomi- 
cally tuberculous, but their swollen lymph glands were found 
to contain tubercle bacilli on histological and also on bacterio- 
logical examination, that is, in culture and inoculation experi- 
ments. 

Wolff-Kisner "' kept a number of guinea-pigs for two weeks 
in the residence of a consumptive patient, and others in a ward 
in the Krankenhaus Priedrichshain, in Berlin. After six months, 
and up to nine months after the exposure, the animals con- 
tinued in good health and increased in weight. Then they lost, 
at first slowly and later more rapidly, and finally they died. 
Autopsy showed enormous swelling of the deep cervical lymph 
nodes, from which the tuberculous process had extended to the 
pleune, lungs, spleen, liver. The intestines and mesenteric 
glands were free from tuberculous changes. 

A number of years ago, an unintentional experiment of like 
character was made in the Winyah Sanatorium, which was never 
published. The little daughter of one of the patients asked for 
some guinea-pigs as pets, and was permitted to keep two animals 
in her room. Her father was a rather difficult patient to con- 
trol, and probably was not very careful with liis expectora- 
tion; at any rale, the guinea-pigs died of tuberculosis in course 
of time. 

Quite roecntly Dr. ("'hapin,'" Hie superintendent of health at 

"J. Bartel & F. 8pibi.br: Wien. klin. Woch. 1905, XVIII, 218. 

-A. WoLrrEisNEB; Rerl. klin. Wocli. 1908, XLV, 23H. 

"Ca. V. Chapin; .Tourn. Amer. Med. Abboc. 1914, LXII, 423 (430). 



VALUE OF GUINEA-PIG IN EXPERIMENTS 



331 



Providenpf, Rhode Island, reported on a further experiment 
which beloDgs here and which was made in a house in Provi- 
dence, occupied by a eaieless consumptive patient. Here two 
sets of guinea-pigs witp exposed in cages; one set being fed by 
the patient, and the other excluded from every form of direct 
contact with him. Most of the animals in both set^ developed 
tuberculosis. The animals in the locked cage covered with 
wire-cloth were, in Chapin's opinion, infected by mouth-spray, 
because the patient often held his face right in front of the box 
and talked to the animals. 

Finally, Chaiissce " reports on an experiment in which a 
cage containing thirteen guinea-pigs was kept, during the sum- 
mer months, in the consuraptive-ward of the Ilopital Boucicaut, 
in Paris. Not one of tJie.se animals contracted tuberculosis, 
although the cage was close by the bed of a consumptive patient 
who coughed "enormously" and brought up immense numbers 
of tubercle bacilli with his sputum. A similar experiment, how- 
ever, undertaken in mid-winter, when the doors were kept shut 
and the windows eloNed almost entirely, at night, resulted in 
the infection of 10 out of 16 guinea-pigs. Out of a total of 76 
guinea-pigs exposed in various ways to "natural" infection, 
30 became infected, and autopsy showed that in every instance 
the infection had been acquired by inhalation. 

In our autopsies of auinials which had acquired a spontaneous 
genuine infection with tubercle bacilli, we bad an opportunity 
of studying the localization of the lesions, with reference to 
the probable mode by which they had acquired their infection, 
and also the subsequent extension of the disease. In a lot of 
400 guinea-pigs, received from a breeder who sold out his stock 
because of failing health (on account of which he moved to 
California), there were apparently but few animals that had 
not acquired a spontaneous infection. Several died soon after 
arrival, and a number of them succumbed during the first two 
weeks after receiving one or two small doses of our vaccine; 
among them we found' instances of pulmonary tubercuIoBis with- 
out enlarged lymph glands in the chest or anywhere else, and 
only when the lesions were extensive, more particularly after 
caseation had occurred, did we find the bronchial glands enlarged 

"CHAUSsftE; Ann. rl, I'lnst. PsBteur; 191*, XXVIII, Of. Brit. Med. 
Journ,; 1915, I, 605. 
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and tubereulous. Tn other animals we found no macroscopical 
lesioua, but noted characteristiR focal reaetiona in one or both 
upper lobes; sections made of the reacting tissues containe<l 
typical tubercles. It was also worthy of note that the oM lesions 
were usually found in tlie upper lobes, in one case with a well- 
formed lung cavity; the disea** had apparently not extended 
beyond this upper lobe, although the hilus-glands were en- 
larged but not yet caseous. In eases in whieh secondary ex- 
tension to the abdomen had taken place, the mesenteric glands 
seemed to be the first abdomiual localization, some animals 
showing nothing more than their involvement. 

In other instances the thoracic organs were entirely free from 
all evidence of tubercle, hut the abdominal organs were in- 
volved more or less; we considered these cases, therefore, as 
instances of infection by ingestion. Among them were animals 
which had died after a dose of vaccine, apparently without tu- 
bercles anywhere, the interesting feature of their autopsy find- 
ings being that some part of the digestive tract, moat often 
a short loop of the intestine, and in one case the pyloric end 
of the stomach, showed intense congestion. In these locali- 
ties of focal reactions, we then found tubercle bacilli in the 
antiformiii residue, and histological tubercles in the sections, as 
we had seen them in lung areas that showed similar reactions, 
at" a time when the bronchial lymph glands were still free. 
Tubercles distributed along the course of the blood-vessels of 
the mesentery were also found frequently at periods before the 
spleen and the liver showed evidences of disease. Extension to 
the chest, as a rule, was associated with caseation of the retro- 
peritoneal glauds. In such cases the hilus- and bronchial glands 
were always enlarged and often caseous, and the lung lesions 
appeared to he of more recent date, or focal reactions were noted 
near the hilos and in the lower lobes without macroscopic lung 



In both modes of infection we found occasionally enlarged 
caseous and non-caseous cervical lymph nodes. 

Apart from this lot of 400 guinea-pigs, we found between 
fifty and sLxty other instances of genuine spontaneous tubercu- 
losis during the last three years. The slow course of these 
spontaneous infections was a marked feature and presented a 
decided contrast to that following upon arlilicial infections. 
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With other observers we ai-e of tbe opinion that tlie lai-ge num- 
ber of tiiberele bacilli, introduced in artificial infection at one 
time directly into the tissues, esplaina the difference, but it is 
probable that the possible attenuation of the virus, since its dis- 
charge from its former host, may likewise contribute in bring- 
ing about tbe comparatively benign course of a spontaneously 
acquired infection, as is suggested by the fact that the course 
of artificial infection may be similarly mild, in cases in which 
it is made with a culture of slight virulence. 

In his paper on the heredity of tuberculosis, to which we have 
already i-eferred, Professor Gartner states that tuberculosis, due 
to natural or spontaneous infection, depends upon the oppor- 
tunities for it, and also upon the natural provisions for defense, 
which the organism possesses. Rabbits and guinea-pigs are very 
susceptible to tuberculosis, yet they do not appear to acquire 
the disease frequently by inhalation. Gartner attributes this, 
in part, to the fact that these animals constantly breathe through 
the nose and that the inhaled bacilli are filtered out better in 
their labyrinth-like nasal passages than is the case in man. 
Moreover, rabbits and guinea-pigs do not cough and, therefore, 
do not expectorate tubercle bacilli. With the feces and urine 
the bacilli are eliminated only if tuherculous ulcerations are 
present in the intestinal tract or in the geni to-urinary ap- 
paratus. Cousecjuently there are only few or no tubercle bacilli 
in the environment of rodents, which fact renders the infection 
of "new" animals infrequent. 

Gartner's argument is of interest and may serve to account 
for the actual fact that guinea-pigs, which are so exceedingly 
susceptible to artificial infection, do not often, relatively speak- 
ing, succumb to natural infection, the reason being that they 
are exposed to it comparatively rarely; but their first provi- 
sions of defense which, according to Gartner, serve to protect 
them against the disease if they inhale tubercle bacilli, are 
probably of relatively slight value, since it has been found that 
guinea-pigs acquire a natural infection and, following it, a 
chronic tuberculosis, almost certainly after such an inha- 
lation. 

Certain individual differences exist, however, even in guinea- 
pigs of the same age and weight and living nnder like condi- 
tions, in their response to like infections with tubercle bacilli. 
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Max Wolff " [K>iQted this out in the discussion of Orth's report 
on the rt-fiults of infections made upon animals iramunized by 
Friedmann, and we ourselves have made like obseirations upon 
normal animals If spontaneous tuberculosis is relatively rare 
among guinea-pigs, fhe justifiable inference is that, under nor- 
mal conditions, the opportunity for infection is not great. 

From all these considerations, the conclusion must be drawn 
that guinea-pigs are not only highly susceptible to artificial 
infection with viriilent tubercle bacilli, but that they are also 
subject to ordinary, epidemiological infection if they are ex- 
posed to it, and that they respond to it in like manner as do 
other susceptible animals, and humans, in accordance with the 
massiveness and virulence of the infection. Our observations 
in the lot of 400 guinea-pigs, which had been expoi^ed to natural 
infection, have shown that the fretjiiency o' tuberculosis, ac- 
quired in this manner by guinea-pigs, do<" lot differ from thai 
in otlier animals or in human subjects. II it is considered that 
the guinea-pig is a very small animal and that its organs a**' 
very small, it is easily understood that the duration of the 
disease in them is comparatively shorter, because the vital organs 
become involved sooner and because they become unable to 
sustain life at an earlier period than is the case in large 
animals. 

The evidence, which we have presented in the preceding pages, 
establishes the justice of our contention that tlie results of 
tuberculosis- studies in guinea-pigs and, 1o a lesser degree, in 
rabbits cannot be accepted as conclusive, unless all lesions 
that are found on autopsy arc examined hislolf^ically and 
bacteriologieally. 



THE VALUE OF DIAGNOSTIC INOCULATIONS 

IN guinea-pigs 



It is not only in experimental studies that the liability of 
guinea-pigs to genuine spontaneous, and also to psendo- 
tuberculosis, is deserving of attention; this possible source of 
error is of even greater prai-tical importance in their employ- 
ment for diagnostic inoculations. For many years the guinea 

"Max Wolpp; Berl. klin- Wooli, 1909, XLIV, 1057. 
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pig has served for diagnostic experiments, in order to deter- 
mine or exclude tlie tuberculous nature of suspected lesions. 
If, after infection with a certain tissue or secretion, tlie animal 
remains free from manifest tubeniulosis, this fact is accepted 
as a positive proof that the injected iiiateria! is not of tubercu- 
lous origin ; on the other hand, if the animal shows nodular or 
caseous lesions on autopsy, a diagnosis of tuberculosis is made 
unhesitatingly on the strength of the macroscopic findings. 
When it is desired to settle a question of clinical diagnosis experi- 
mentally in Ihe shortest possible time, as is almost always the 
case, the animals arc killed as early as twenty or thirty days after 
infection, and attempts have been made to shorten even this 
period of diagnostic experimentation. In the light of our esperi- 
ence, the results of sueh experiments may be accepted as positive 
only in case the infection has followed the typical course of 
extension, first to the regional, and later to distant lymph glands 
and to distant organs, and if Ihe bacteriological and histo- 
li^cal examinations give uuquDstioDable confirmation; whereas 
negative findings are of no value in any case, even if the animals 
have lived many months. We base this view upon the fact that, 
in experimental infection, the evolution of tubercle differs ac- 
cording lo the number of living tubercle bacilli which have 
been introduced, according to the degree of their virulence, and 
according to the individual resistance of the animal; the latter 
factor is to be emphasized especially, because marked differ- 
ences ocenr even when all conditions of the infection have been 
e<|ual. W'hen, however, we make infections with material in 
which the factors of numbers and virulence are unknown, we 
must expect failures even though the material used has a rela- 
tion to a genuine tuberculous lesion. In a given diagnostic ex- 
periment the material may not contain enough virulent tubercle 
bacilli to cause an infection, or it may not give rise to macro- 
scopieal lesions or histological changes dnring weeks and months, 
on account, of the small number and the low virulence of the 
bacilli, and later yet cause the development of typical tubercu- 
lous lesions. This fact is sufficient to disqualify attempts of 
drawing inferences from the results of autopsies which are made 
a few weeks or months after diagnostic infections, unless the 
outcome is unquestionably positive; yet. as a matter of fact, 
such experiments are made more often in order to exclude than 
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to establish the diagnosis of tubereiilosis. In either cast' the 
infonuatioit is, as a rule, of little or no practic^al value unless 
it eau be obtained with suffieient promptness. 

Believing that the importajice of the subject justifies us in 
the concise description of observations which, in our opinion. 
support us in our viewpoint, we call attention to the several 
groups of experiments which follow: 



GROUP I 



8eriCH of B 



I, all killed 21 dajs after subcutaneous infeetion 
a equaled 0.01 ntgr. of 



■Hi tliia doB 



a-pigB, 
with 0.2 cc. uf tubercle bacillus 
tubercle bacilli. 

OuiMiA-Pio No. 1. Infection site negative; regional lymph glands nega- 
tive; internal organs, pseudo- tuberculosis of lungs; aections show no 
tubercles. iVo tiibercutonx. 

GuiNBA-Pio No. 2. Infection site negative; regional lympti glands en- 
larged, 3 mm., soft; antiformin residue smear shows tubercle bacilli; inter- 
nal organs negative. Tubervle bacilli in regional Igmph glands. 

OuiNBA-FiQ No. 3. InfecUon site: nodules, 2 nun., tubercle bacilli in 
smears; regionul lymph glandH enlarged, central eaaeation, tubercle bacilli 
ill smears, histological tubercles in aeetions; internal organs, few miliaries 
in spleen, tubercle bacilli in antiformin residue, seutions show manj tu- 
bercles. One mesenteric gland eolargeil, 3 mm., soft, tubercle bacilli in 
antiformin residue; other organs normal. Beginning ttibcrcvlostt. 

GuiHBA'Pia No. 4. Infection site negative. Regional lymph glands 
negative. Internal organs negative. Sections from spleen, no tubercles. 
Na tTibereuhiig. 

GviNEA-Fii} No. 5, Infection site negative. Regional lymph glands, 
2 mm., soft; antiformin residue negative. Internal organs, spleen sUghtlf 
enlarged, one suapicioua nodule, 1 mm. Scelions sliow no tubercles. No 
tuberculosis. . Ptevdo-tubeTctilosis of spleen. 

GuiNEA-p[o No. 6. Infection site negative. One regional lymph gland 
enlarged, 2 mm.; section shows tiilwrclcs. Internal organs show pseudo* 
tubereulosis of lung. Sections from lung, spleen, liver show no tubercles. 
Lymph ijlanii luberfutasit and peeado-tubErevloaii of lung. 

GBOUP n 

Four guinea-pigs, killed 42 days after subcutaneous infection with 0.2 
re. of tubercle bacillus emulsion, the dose equaling 0.01 mgr. of tnberela 

Gotnea-pio No. 1. Infection site, 5 mm. cnscoua; tubercle bacilli in 
smears. Regional lymph glands enlarged, caseous; tubercle bacilli in 
smears. Internal organs: mesenteric glands enlarged, hard, S mm.; anti- 
formin residue, few tubercle badlli. Spleen, few miliaries, with toberole 
bacilli in antJformiD residue; sections shon many tubercles. Liver, ieveral 
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[luJuli-B, 12 mm., hard; Hiitifoiiuiu rL'sufue negative; awtioiis sliow uo tu- 
bercles. Oilier organs uorniul. (trautfui tvberculoti*. Pte-udo-tubertmtoeU 

fiuiNEA-piij No. 2, Infection site negative. Two rcgitinal lymph gtnndi 
enlATged, 2-5 mm., soft; antiformin rewdue of one gland negative; WO- 
tioD of tlie other glaml shown no tubercles. Internal orgajis: spli'on sliglitlj 
enlargeil, few miiiarius; niitiformlD residue uegatlfo; secUon bIiowb no tu- 
bercles. A'o tubiTC-ulofin, Pscudo iiibrrculo3\3 of gploen. 

GuiNEA-Pia No. 3. Infection site, 3 mm., ca^eoua; tubercle baciUi in 
HmearH. Regional lymph glands enlarged, 2-S mm., one with eoatral aa«ea- 
tlon; tubercle bncilli in smears. Internal organs normal. Section of 
spleen shows no tubercles. Tuberculatit of regional lymph glands, 

GuiNEA-Pia No. 4. Infection site, diffused thickening; no caseation; 
antiformin resi'Iuc, manj tubercle bacilli. Regional lymph glands nega- 
tive. Internal organs i liver, one soft necrotic area, 5 mm.; smears, no 
tubercle bacilli, two hard fo«i, 3-4 mm., antiformin residue negative, 
sections show no tubercles. Tubercle bacilli in infeetion file. No tvberott- 
lotit. Fteudo-luberculotU of liver. 

GROUP ni 

Thirteen guinea-pigs killed at successive periods, after infection nitli 
tubercle bacilli from a culture of slight viruleocc. 

GttiNEA-PiQ No, 1. Infected with 0.03 mgr. of tubercle bacilli, subca- 
taneously in left flank. Killed G8 days later. Infection site negative. 
Regional lymph glands negative. Omentum contains one gland, 4 mm.; 
histological examination aliona no tubercles. Two miliiiry ucidules on serous 
covering of left testicle; sections shon no tubercles. One paststcrnal gland, 
3 mm., soft; section shows no tubercles. No tubererulosU, 

GUINE*-P10 No. 2. Infected with 0.01 mgr. of tubercle bacilli; killed 
80 days later. Infection site negative. Regional lymph glands negative. 
Few nodules upon serous surfaces of right and left testicles. Spleen 
apparently normal. Sections of spleen show few miliary tubercles. Begin- 
ning iaberciiUma of epUea, 

QniKKA-Pio No. 3. Infected with 0.01 mgr. of tubercle bacilli, sabcn- 
taneouBly. Killed 100 days later. Infection sil« negative. Left inguinal 
gland enlarged, soft. Section shows few tubercles. All organs nonnaL 
Sections from spleen, liver, mesenteric glands, negative. Tubercles in 
regional lymph gland. 

GuiNEA-Pio No. 4. Infected with 0.08 mgr. of tubercle bacilli, snben- 
taneously. Died after 128 dajs. Infection site negative. Regional Ijrmph 
glands 3 ram., soft; sections show caseating tubercles. Nothing in internal 
organs. TubercuIostA of regional lymph glands. 

GUINKA-Pio No. 5, Infected with 0.01 mgr. of tubercle bacilli, enbcu- 
taneously. Killed after 146 days, lufection aite, 7 mm. fibrocaseous; 
smears show tubercle bacilli. Regional lymph glanils caseous. Cervical 
gland, 15 mm., caseous; smear shows tubercle bacilli. Mesenteric glands 
enlarged, 5 mm., soft; antiformin residue shows tubercle bacilli. Spleen 
enlarged; several 2 mm. nodules; antiformin residue negative} section shows 
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hyperplusia, no tjpicul tubercles. Lymph gland tuberivSons, Ptevdo- 
(uberculosu of tpleen. 

GuiNEA-piQ No. 6. Infected with O.OI mgr. of tubercle bftcilU, Boben- 
taneouBly, Killed 174 'Uijb later. Infection eite, 7 mm. fibroua area; 
Mitiforinii) residue alums auiilfust granules. Begional lytnpli glands, 7 miu. 
£brouB; antiformin residue abowB tabercle bacilli; seution ahowe fibrooa 
tubercles. Mesenteric gland 3 mm., aoft; antiformin residue shons few 
tubercle bacilli; section shows caseous tubercles and Gbroais. TuberevlofiM. 

GuiNZA'Pio No. 7. Infected with 0.01 mgr. of taberctc bacitti, Eubcn- 
taneousif. Killed 174 days later. Infection site, 3 mm., Gbrons ar«ft; 
antifarmin residue shows tubercle bacilli. Itogional Ijmph glands, 10 mm., 
boTii; section shows tubercles and fibrosis. SetroperitoncHl gland, S nun,, 
hard; antifonnin residae shows tubercle bacilli. Liver, few nodulesy 1-2 
mm.; section no tubercles. Spleen enlarged 20 by 40 mm., full of I mm. 
nodules; antJformin refiiluc shows tubercle bacilli and granules; section 
shows fibrous tubercles. Lungs, few 1-2 mm. nodules in both; seation 
shows miliary and caseating tuberclea Tuberculoait. Pseudo-iabercalotU 

GuiNEA-piQ No. S. Infected with 0.01 mgr. of tubercle bacilli, mbea- 
taneously. Killed ISS days later. Infection site negative. Regional 
lymph gland enlarged, 5 mm.; few tubercles in section. Mesenteric gland, 
5 mm.; antiformiu residue negative. Liver and lungs full of fibrous areaa, 
2-5 mm .; antiformiu residues negative; sections stiow no tubercles. Spleeu 
enlarged, full of 1-3 mro. soft nodules; actiformiD reudue shows tubercle 
bacilli; section shows brt'iiking-iiown tubercles. Tvberriilotis and pacvdo- 
1 1(6 ercu!o«is of Iwer. 

OuiKKA-pta No. 9. Infected with 0.01 mgr, of tubercle bacilli, nibea- 
taneousl;. Killed 16S days later. Infection site negative. Regional lymph 
gland, 15 mm., hard; antiformin rpsiduc eliosvs tubercle bucilti. Me»en- 
terie gland, 7 mm., soft; antiformin residue shows tubercle bacillL Spleen, 
to by ^0 mm., full of 1-S mm. soft nodules; antiformin residue ahom 
tubercle bacilli; section shows miliary tubercles. Lun^ many small, hard 
nodules and larger areas of fibrosis; antiformin residue shows tubercle 
bacilli; sections show few tubercles. Tu&cr[>ufocM. 

GniNEA-Pio No. 10. Infected with 0.01 mgr. of tubercle bacilli, Kibetl- 
ttueously. Killed ISS days later. Infection ute negative. Regional lymph 
gland enlarged, central caseation; smears show tubercle bacilli- Liver, au- 
pieiouB granular appearance; section shows miliary tubercles. Spleen en- 
larged, 10 by 25 mm., no macroscopic tubercles; nntilormin residue shows 
tubercle bacilli. Retroperitoneal gland, Z mm.; antiformin residue shown 
few tubercle bacilli. Lungs, few miliaries; antiformin residue shown tn- 
bercle booilli and granules; section shows miliary tubercles. Tu&erMiIo*i(. 

GtriNEA-pio No. 11. Infected with 0.01 mgr. of tubercle bacilli, subcu- 
taneously. Killed 20.1 days later. Infection site negative. Regional lymph 
gland, e mm., central caseation; smears show tubercle bacilli. Meaenterie 
gland, 10 mm., hard; antiformin residue shows tubercle bacilli; eectiOD 
shows enseating tubercles. Liver, few I mm. nodules; section shows easeat- 
ing tubercles. Spleen enlarged, 15 by 40 mm., full of 1 mm. hard nodolea; 
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antiformiii residue shows tubercle bacilli; section shows e&Beating tuberclst 
and Blight fibrosis. Bronchial gland, T mm., hard; antiformin residue 
ahows tubercle bacilli. Tubercatong. 

QoiNEA-Pio No. 12. Infected with 0.01 mgr. of tuberule bacilli, sub- 
cutaneousty. Killed £03 days after inCectton. Infection site negative. 
Regional Ijmpb gland, 9-10 mm., central caseation; smear contains 
tubercle bacilli. Mesenteric gland, 5 mm., aoft; antiformin rendue 
contains tubercle bacilli. Betroperitoneal gland, antiformin residue shows 
tubercle bacilli Liver full of 1-3 mm. noiiulea; section Bhowa infiltration 
and breaking- do WD tubercles. Spleen enlarged, £0 b; 30 mm., same as 
tiveri antiformin residue shows tubercle bacilli and granules. Lungs, sev- 
eral 2 mm. hard nodules; antiformin residue negative; section shorn 
peribronchial and perivascular infiltratiou and flbrosia; no typical tubercles. 
Ttiiercutosis. Faevdotuberculoiii of lung». 

GniMEA-pia No. 13. Infected with 0.01 mgr. of tubercle bacilli, subea- 
taneomly. Died 240 diijs after infection. Infection site negative. Re- 
gional lymph glands 3 mm., hard. Mesenteric gland, 5 mm., hard; anti- 
formin residue ahows tubercle bacilli. Retroperitoneal lymph gland, tn- 
bercle bacilli in ajitiformin residue. Liver full of 1-2 mm., soft nodules; 
tubercle bacilli in antiformin residue. Spleen, 20 by 50 mm., full of 
miliaries. Lungs, few milinriea; antiformin residue shows tubercle ba- 
cilli. Right middle lobe pneumonic; section of pneumonic portion abowa 
miliary tubercles. ru6ercu(o*iJt. 

DIAGNOSTIC E.TPERIMENT WITH SPUTUM 



OuiKBA-PlQ No. 1. Died after 69 days. Infected with antiformin 
residue of sputum, subcutaneously in tlia right axilla. 

Infection site negative. Regional lymph glands negative. Internal or- 
gans normal, except lung which siiowa smull area of paeu do -tuberculosis; 
antiformin residue negative; section shows peribronchial and perivascular 
infiltration; no tul>eri^les. Ni- tiibcri:ulosis, Pseudo-ttibercvloiit of lung. 

Odin&a-fiq No. 2, Infected same as guinea-pig No, 1. Died after 117 
days. Infection site caeeous nodules, 1 mm.; smear sliows tubercle bacilli 
Begiooal lymph gland, 5 and T mm., hard ; antiformin residue shows tu- 
bercle bacilli. Mesenteric gland, enlarged; antiformin residue shows few 
tubercle bacilli. Liver, 3 foci, 5 mm., hard; antiformin residue negative. 
Spleen enlarged, few miliary tubercles; antiformin residue contains tu- 
bercle bacilli; section bIjowb miliary tubercles, several foci like those 
in liver; antiformin residue negative; section shows necrosis and fibrosis, 
no tubercles. Lungs full of fibrous areas, 1-3 mm.; antiforinin residua 
negative; section shows peribronchial and perivascular Gbrosia; no ta- 
bereles. I-aberculoHa of regional lymph glandt and itpleen, Ptcudo- 
tuberoiloni of liver, spleen, lungt. 

It seems to us that the foregoing experiments bear out the 
view that the evolution of an infection in guinea-piga may differ 
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greatly in individual animals, although the infection has been 
the same in all respects. Without closer exaniinatjon, Ouinea- 
pigs No. 2 and 3, of Group III, eould easily have passed for 
normal, while Guinea-pig No. 1 showed no evidence of the in- 
fection on the 2l3t day. This was, however, only a question of 
virulence, as appears from later autopsies. Guinea-pig No. 4. 
autopsied after 128 days, could still have passed as normal if 
the small soft inguinal lymph glands had been overlooked or if 
they had not been sectioned. The subsequent autopsies, on 
Guinea-pigs Nos. 5-13, at periods between 146 and 240 days after 
infection, indicate that the infection of Guinea-pig No. 1, which 
was autopsied on the 68th day, had at that time not developed 
Bufliciently to cause genuine tuberculous lesions, although the 
pseudo lesions could easily have been mistaken for genuine ones. 

Even more instructive are the two diagnostic experiments 
with sputum, in which nothing in the form of tubercle was as 
yet in evidence, on the 69th day, that could have had any rela- 
tion to our infection, nothing being found at the infection site 
or in the regional lymph glands, and the small area of intiltra' 
tion found in one lung showing neither tubercle bacilli nor his- 
tological tubercles. Guinea-pig No. 2, like No. 1. had received 
0.5 cc. of saline suspension of the antiformin residue of tlie 
suspected sputum in which the microscope had shown few acid- 
fast fragments and granules. This animal died after 117 days, 
apparently from Ihe effects of pseudo-tuberculosis with begin- 
ning miliary tuberculosis in the spleen. By this time a small 
caseous lesion bad developed at the infection site, the regional 
lymph glands had become enlarged but had no( caseated; the 
infection had extended to the mesenteric glands and the spleen. 
Had this animal also died earlier, or had it been killed pre- 
maturely, a negative result would have been recorded wben, in 
fact, the infection only lacked in sufficient virulence to cause 
a more rapid evolution, as was the case in the animals of Group 
II. We can duplicate this diagnostic experiment in a case of 
suspected tuberculosis of a kidney, in which one animal was 
killed after 60 day.s and the other after 120 days from the date 
of infection; nothing was found in the first, and evident tu- 
berculous lesions, including involvement of the regional lymph 
glands, were present in the second. 

These and other experiments have convinced us that diag- 
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iiosti(^i experimeuts with suspectt'd tuberculous inaturial caunot 
be accepted as coDclusive at a. time when the iuformatioa sought 
is moet valuable, unless tiii> tiiidings are positive, and that, in 
order to assure the relation of existing lesions to the infurtion, 
this must he sliown to have involved the regional lymph glands. 
and the tuberculous nature of the lesions must be established by 
positive results in the examination of smears and sections. 

More confusion and serious errors are, however, likely to 
occur through pseudo lesions which may re.'^emble miliary and 
nodular tuberculous lesions so i?la'*ely macroseopically that no 
doubt as to their true nature is apt to be entertained. The 
liability to error is increased by the early breaking-down of the 
infection site and by the enlargement or suppuration of the 
regional lymph glands, an occurrence which we have observed 
so frequeutly that its relation to the coexisting pseudo infection 
is to us as undoubted as it is difficult to find an explanation 
for it. 

Schroder & Cotton are of the opinion that, in genuine tu- 
berculosis coexisting with the type of pseudo-tuberculosis de- 
scribed by them, each seemed to inerea.se the pernicious potency 
of the other, and we do not doubt that this is often the case. 
In our experience, however, there appears to be another factor 
peculiar to the behavior of the infection site which, in some 
instances, we have found to present an abscess as early as the 
10th and 12th days; on the bacteriological examination of these 
abscesses we have frequently been able to demonstrate the same 
organism which we found in the lesions of internal organs or in 
the blood of animals that had not been infected by us, suggest- 
ing that the organisms reached the infection site from within, 
through the medium of the blood. The abscesses may open and 
discharge, and thereafter they may heal ; and we have met with 
instances, after the early discharge of an abscess, in which the 
purulent material and the nearby enlarged lymph glands con- 
I tained no tubercle bacilli, and where the sections from abseess- 

I wall and lymph glands were negative as to the presence of 

I tubercles. It appears as though, in these cases, the injected tu- 

I bercle haeilli had been discharged with the contents of the 

P absi 

I ' 

■ mei 



The objection might be raised, in connection with our experi- 
ments, that our tubercle bacillus emulsions were not sterile and 
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that they conveyed the microorganisms whieh eaiuiud abscess- 
formation. We have, however, made these obaervatious only in 
animaLs which had pseudo lesious; if Ruch a contamination were 
responsible for our unusual results, it would naturally be ex- 
pected that the result would be the same iu all animals, or at 
least in most of those that were infected with a certain emul- 
sion at the same time ; but this was not the ease. 

Not all guinea-pigs, in which we found pseudo lesions on au- 
topsy, showed these early changes at the infection site, nor did 
all of them die soon after infection. Quite the contrary, a 
considerable number appeared to behave noniially or nearly so. 
and they died or were killed months later. Then it was, of 
course, impossible to decide whether the pseudo lesions, which 
were found, were due to infections acquired before or after 
the time when we ourselves infected the animals with tubercle 
bacilli. In our opinion, it is probable that the pseudo infection 
was acquired later in at least a considerable number of the 
animals, inasmuch as tbey were constantly exposed to it. Iu 
immunized animals, and also in those which had been infected 
with tubercle bacilli after these had been subjected to the bac- 
tericidal action of immune serum, the deaths often occurred 
many months after infection, and the animals had progressed 
favorably and had gained steadily in weight up to a short time 
before death. These animals frequently died within a few weeks 
after the first loss of weight was noted, suggesting that the 
unfavorable influence had become active only recently, as would 
be expected in pseudo-tuberculosis of the Pfeiffer type. 



CHAPTER XII 



ANIMAL EXPERIMENTS WITH BACTERICIDAL 
SERA 



In oiir report of 1912 some bacU-ricidal experiments were 
mentioned as not completed, the animals having been kept for 
further observation. The animal in Group I which had been in- 
fected int rape rit one ally with 0.01 mgr. of tubercle bacilli incu- 
bated with iN.vcTivATED iniiiiune serum taken from a patient 
treated with Watery Extract of Tuberelc Bacilli, died 99 days 
after infeclion. The animal had lost 200 grams since its infec- 
tion. The autopsy showed infection site and regional lymph 
glands caseous ; generalized tuberculosis of abdominal organs and 
lungs; smears and sections were positive. 

The records of the five animals in Group II are as follows: 

GuiNiA-pia No. 23. Infected intraperitoneally with 0.01 mgr. of taber- 
cle bacilli incubated nitb active immuiie sonim of a patient treated with 
Watery ErtrHCt of Tubercle Bacilli, taken eight jears after discharge; 
weight 560 gramB. Died 739 dajs after infection, of acute pneumonia; 
weight 700 grams. Aside from the psuumonia, the only lesion found waa 
a Bear, 5 mm. in diameter, ia the liver; smears from antiformin reeidae 
of liver leaion and of paeumonie lung were negative as to tubercle bacilli; 
smears from cut surface of lung alioned diplococci. 

GriNEA-Pio No. 24. Infected the same as Quinea-pig No. 23; serum used 
came from a patient on discharge, after treatment nith Watery Extract of 
Tubercle BaeilJi; weight 820 grama. Killed 180 dajs after infection; 
weight 770 grama. Autop^: Infection site and regional lymph glands not 
found ; two hard glistening noduleii, about 1 mm., in omentum, and two 
similar nodulea in the liver; no tubercle bacilli in antiformin reaidue; sec- 
tioDB show fibroua structure. 

GuiKBA'PiQ No. 25. Infected same as Guinea-pig No. 23. Serum ob- 
tained from a patient after treatment with Watery Extract of Tubercle 
Bacilli; weight 500 grams. Killed 184 ilnys after infection; weight 725 
grams. Autopsy: normal conditions tliroiighout, e:iCept one minute hard 
no>!ule in mesentery. Section showed flbroux structure. 

GuiNEA-pio No. 36. Infected same as Ouinea-pig No. 23. Serum taken 
from a child, five days after vaccination; weight 810 grams. Died 120 days 
later of acaUi pneumonia-, weight 750 grams, Autopay, infection site and 
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reKiooal lymph glands not founi]; omentum a contracted fibrouB nu« 
several necrotic foci in liver and spleen; no tubercle bacilli foond in 
lesions; sections negative (apparently pseiido-tuberculoMB, Pfeiffer tjrpe, 
of liver and spleen). 

GuiNEA-pia No. 37. Infected same as Ouiaea-pig No. S:i, Serum taken 
from a child eight montlis after vaccination; weight 490 grams. Dieil :il-t 
dajB after infection; animal had gained continuously for five moDths 
and had reached a Height of 870 grams; thereafter it lost gradually until 
death ; vraight 530 grama. Autopsy : infection site not found ; one 
regional (inguinal) lymph giund cosiiiiib; a mesenteric gland enlarged, 
hard; necrotic areaa in liver and spleen; smears and sections all negative 
(apparently pseudn- tuberculosis, FfeifTer type, in liver and gpleen). 

The four control animals for these infections had died of genenUued 
tuberculosis between 32 and 42 days after infection. 



Until June, 1914, when we were obliged to relinquisli them 
on account of defective antigens, we continued the examination 
of sera, before and after vaccination or treatment, for the sev- 
eral antibodies, and we included in these examinations deter- 
minations of the alkalinity of the blood. The sera of the cases 
to be considered in the experimental details which follow, were 
all examined in this manner, and our records show no material 
difference from the average results as we gave thera in our report 
of June, 1912, and in previous publications. We desire ag:ain 
to call attention to the uniform increase of the blood alkalinity, 
which we Iiave observed after the administration of specific reme- 
dies in the form of the Watery Extract of Tubercle BaiuUi and 
the Vaccine, and reproduce the summary of our obsenations in 
the examinations of 339 vai-einated children, from the report 
mentioned above. 

Blood ALKAUNrrr' 





Avera^ 


Minimum 


Maximum 




0.85 
1.05 
1.20 

i.ao 


0.60 
0.90 
1.05 
1.10 














1.30 







'The blood alkalinity wa« estimated by Dare's spectroscopia method, 
which is bused on a normal of 266 milligrams sodie hydrate per 100 enbie 
centimeters of blood. We have repeatedly controlled the results obtained 
by Dare's method, with titration -methods and found no material difFer- 
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iiuilult'H, 12 mm., hanl; untiforuiiii rmiiue uegutive; seetioiiH akow tto tii- 
bcreles. Other organs uorinat. Gimvine tuberculotit. Ptrudo'tuWri'ulosiii 

rjtHNKA-pio No. 2. Infection Bite negative. Two regional lympli gtondB 
enlarged, 2-5 mm., soft; imtifDrmin residue of ens gland negative; we- 
tiOQ of Uie other gland shows no tubercles. Intornut urguiis: Hpiceu aliglitly 
enlELrgml, few miliurits; aiitiformin rcsiiluc negative; section ehowa no tu- 
herr:les, A'o luberevtosin. PneudiiluberculogU of jplefn. 

GuiNKA-Pio No. 3, Infection site, 3 mm,, caseous; tubercle bacilli in 
BDiearB. Begional lymph glanda enlarged, 2-S mm., one nitb central casea- 
tion ; tubercle bacilli in smears. Internal organs normal. Section of 
spleen shows no tubercles. Tubin'culotis of regionai lymph glands. 

GuiNEA-pio No. 4. Infection site, diffused thickening; no caseation; 
antiformin residue, ma.0^ tubercle bacilli. Regional lymph glands nega- 
tive. Internal organs: liver, one soft necrotic area, 5 mm.; smears, no 
tubercle bacilli, two hard foci, 3-4 mm,, antiformin rewdue negative, 
sections show no tubercles. Tubercle bacilli in infection tite. No Ivberca- 
iuiis. Fseudo-tubercutona of liver. 

GROUP III 

Thirteen guinea-pigs killed at successive perioils, after infection wiUi 
tubercle bacilli from a culture of slight virulence. 

Gdinea-pio No. 1. Infected with 0.08 ingr. of tubercle bacilli, sabcu- 
taneously in left flank. Killed 68 days later. Infection site negative. 
Regional lymph glands negative. Omentum contains one gland, 1 nun.; 
histological eiamination shows no tubercles. Two miliary nodules on aerous 
covering of left testicle; sections show no tuberclcB. Ono poataternnl gland, 
3 mm., soft; section shows no tubercles. A'o tabertmlosia. 

GtitNiLA-pJO No. 2, Infected with 0.01 mgr. of tubercle bacilli; killed 
80 days later. Infection site negative. Regional Ijmph glands negative. 
Pew nodules upon serous surfaces of right and left teaticU's. Spleen 
apparently normal. SeetioiiH of splt^en show few miliary tubercles. Begin- 
ning Uibercvloiit of gpleen. 

GulN'EA-PiQ No. 3, Infected with 0,01 mgr, of tubercle bacilli, suben- 
taneously. Killed 100 days later. Infection site negative. Left inguinal 
gland enlarge<l, soft. Section shows few tubercles. All organs normal 
Sections from spleen, liver, mesenteric glands, negative. Tubercha in 
regional lymph gland. 

GuiNEA-Pio No. 4. Infected with 0.08 mgr, of tubercle bacilli, aubcu- 
taneously. Died after 128 days. Infection site negative. Begionnl lymph 
glands 3 mm., soft; sections show caseating tubercles. Nothing in internal 
organs. Tuberculoait of regional lymph glanda. 

GuiNBA-pio No, 5. Infected «ith 0.01 mgr, of tubercle bacilli, subcu- 
taneously. Killoil after 146 dayti. Infection site, T mm. GbrocBseous; 
smears show tubercle bacilli. Regi<inal lymph glanJs caseous. Cervical 
gland, 15 mm., caseous; smear shows tubercle bacilli. Mesenteric glands 
enlarged, 5 mm., soft; antiformin residue sbons tabercle bacilli. Spleen 
enlarged; several 2 mm. nodules; antiformin residue negative; section shows 
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overcome, the primarily depressed curve of the alkalinity tahea 
an upward tendency and frequently reaches higher degrees than 
were observed before tlie infection occurred. A material in- 
crease in the blood alkalinity in an infectious disease is con- 
sidered, by all authors, as an indication that the organism is 
overcoming the infection or that it has recovered from it, while 
a steady fall indicates the reverse. 

Runipf ' found in his fourteen eases, mostly of phthisis, that 
the blood alkalinity was not altered materially as long as the 
general condition of the patients remained good. With the ad- 
vent of cachexia the alkalinity decreased. ' 

The relation of its increase to the course of tJie infecticm is 
shown also by Strauss.' Recovery occurred in two cases of 
pneumonia, one of ty]jhoid fever and one of erysipelas, in which 
the alkalinity was markedly above the normal. Five cases of 
typhoid fever and one case of pneumonia showed no increase, 
and death occurred in every instance. 

A depression of the alkalinity occurs also when bacterial 
toxins are introduced, and the fall continues when the dose is 
large enough to prove fatal ; a rise follows the depression if the 
dose is smaller and is recovered from. Canlani ' and v. Rigler " 
found that an adeiinate dose of a specific antitoxin, for instance 
in diphtheria toxin- poLsoning, arrests the downward course and 
promptly increases the blood alkalinity, and the animals 
recover. 

Fodor & Rigler ' and Emmerich & Low ' have asserted a close ^ 
relation between blood alkalinity and immunity. The former 
have shown in their investigations that the observed increase is 
not due to an increase of alkaline salts in the blood, and they 
hold that, when specific toxins are injected, the subsequent in- 
crease of the alkalinity depends upon a vital reaction on the 
part of the leucocytes which are stimulated specifically to the 
formation of an alkaline organic substance. Emmerich & Low 
support this view and, in their opinion, an increase of the alJta- 

'W. H. RUMPr; Contrlbl. f. klin. Mod. 1891, XU, Ml. 

■H. STRAUSBi Xeitschr. f. klin. Med, 1896, XXX, 31T. 

•A. CantanI[ Oentrlbl. t. Bakt 1896, XX, 566. 

•G. V. RiqI-eb; Centrlbl. f. Bakt. 1001, XXX, 913 and 948. 

■FODOB & V. RiaLEKj CentrlbL f, Bakt. 1897, XXI, 186. 

■Bmmebicb & L6w; Zeitachr. f. Hyg., etc. 1901, imrv T, 9. 
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linity in immunity ia due to this new-formed organic alkaline 
substaiipe or combination. Karfnnkel " found, when he ad- 
ministered tuberelo bacillus emulBion in slowly iucreasing doses, 
that an inerease of the blood alkalinity could be obsen-ed two 
hours later, the rise continuing for six hours ; but after tweuty- 
four hours the increase had subsided again. In the end he could 
not show that an increase had occurred over the per cent which 
was present when the treatment was begun. The results of our 
determinations from three to eight months after vaccination 
show, however, that the gain in the blood alkalinity has been 
maintained in these cases. 



L 



The results of bactericidal experiments, ma<le and completed 
since our report of 1912, with immune sera taken after prophy- 
lactic vaccination, or during and after treatment with either 
the Watery Extract of Tubercle Bacilli or with the Vaccine, 
appear in the following table. All the immune sera that were 
used complied, in their titer of complement- fixation and of 
bacteriolytic action, with the standard which we liad previously 
found to be an efficient guide." 

The headings of the individual columns in the tables are self- 
explanalorj'. "When no time since vaccination is given, the 
serum was obtained within one mouth; in the case of treated 
patients, it was obtained during the time while they were being 
treated, or within one month after tlieir discharge. An asterisk 

■Karfonkbl; ZeitBchr. f. Hyg., etc. 1899, XXSII, 149. 

" Complement-Eiation must tie complete with O.OS cc. of inactive Bcrum, 
diluted with norioal salt solution to 1:4, with all four, and diluted to 
1:8 with at least two of our antigens, namely, the whole antigen in the 
form of an emulsion of tubercle bacilli, one protein, and two lipoids; and 
marked morphological changes must be demonstrable upon virulent tu- 
bercle bacilli, after incubating 0.01 mgr. (moist weight) in emulsion free 
from all dumps, for 24 hours at 37° C, with 0.2 cc. of the undiluted 
scrum in its fresh, active state. The degree of morphological changes 
is determined on comparative mjcrosoopical examination, by using normal 
serum or norma! salt solution for the incnbation of control tesfs. We 
eipress the degrees by ( trace ) ; 1 Cmoderate) ; 2 (marked); 3 (complete), 
the latter representing complete disintegration and therefore An entiTe 
absence of stained rods. 

For the result of experiments with imrnnae sera which did not eomplf 
with this standard, or that were not eiamined completely, the reader ia 
referred to p. 388 S. 
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in this cDhiniii indicates that tbi^ patieut v/as treated with the 
Watery Extract of Tubercle Bacilli. 

When liie infection was iutraperitoueaJ, tlie infection site was 
examined at the point where the needle-puncture had been made, 
and also tlie eorrespondiiig portion of the parietal peritoneum ; 
the mesenteric and inguinal lymph glands were then considered 
as regional. After subcutaneous infection, the lymph nodes 
nearest to, and corresponding with the path of absorption, and 
after intratracbeal infection, the tracheal, cervical and thoracic 
groups of lymph nodes were con.si{lered as regional. 

In a tabulation like the present one the autopsy results can 
of necessity be given only brieily ; hut we have endeavored to 
omit nothing of interest that would enable the student to form 
an opinion of the legions found. Our own interpretation of the 
experimental results is tabulated under "General Results," 

The findings in internal organs were often obscured by pseudo 
lesions. When we record such lesions, we give the organs in 
which they were found ; such a record was made usually only 
in instances in which it was justified by both raacroscopical and 
microscopical examinations of smears and sections. 

Under the heading of "smears," we record our findings of 
tubercle bacilli in ca.'ieous lesions and in antiformin residues 
from other lesions which were at all doubtful on Inspection. 
The same is the case for tubercles found in "sections" some of 
which were serial, while others were made in duplicate, one of 
them being stained for tubercle bacilli, the other for tubercles. 

No effort was spared in all microscopical work to detennine 
the actual condition, whenever this seemed to require verifica- 
tion; at the same time we avoided superfiuoua labor when 
the evidence was otherwise satisfactory and conclusive. 

In our interpretation of the results of a given experiment it 
will be found in certain cases that we record "No tuberculosis," 
although tubercle bacilli were found in smears, and especially 
in smears from antiformin residues of fibrous or fibrocaseous 
lesions, for instance in the guinea-pig under group-number 15. 
This animal was killed 346 days after infection and was then 
in excellent condition, weighing 740 grams. Adhesions between 
the omentum and abdominal wall, and six fibroca.seous nodules 
were found in the omentum, tubercle bacilli being demonstrated 
in the adhesions. The nodules in the omentum were hard and 
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predominantly Jibroiis with slight central caseation, and we 
looked upon Uieni as processes of eucapsulation and o£ retro- 
gressive character. Although we made no sections in this par- 
ticular ease, we have oft*n made them in like ea-ses, as a rule 
without finding histological tubercles. In this animal the pres- 
ence of these lesions had in no wise interfered with the normal 
functions and health of the animal, inasmuch as it was well 
nourished nad fat when it waj* killed, and we considered that 
these lesions were simply the still visible remains of an infec- 
tion that had been resisted and overcome successfully, and that 
the finding of tubercle bacilli in the organized adhesions did not 
constitute tuberculosis. 

That the presence, at the infection site, of caseation with or 
without tubercle bacilli in smears does not necessarily indicate 
a lack of resistance, will be admitted by experienced observers. 
It is confirmed by the findings of Prudden and Hodenpyl " in 
their experiments with dead tubercle bacilli. Like observa- 
tions have been made by others, and also by ourselves in our 
studies of the pathogenic action of dead tubercle bacilli, includ- 
ing the finding of caseous and necrotic foci in internal organs. 
In our experience such lesions developed most frequently, after 
the injection of dead tubercle bacilli, when the injected dose 
was large and the bulk of the fluid holding them in suspension 
was small. The fact thai, in the present experiments, the in- 
fection had not extended to, and had not produced typical tu- 
berculosis in distant lymph glands and in the viscera may, 
therefore, be accepted as a proof of the partial, if not com- 
plete, destruction of the virulence. 

However we may judge of this and of similar findings, we 
could not consistently class them as indicative of manifest tu- 
berculous disease, inasmuch as the experiments were made for 
the purpose of showing the bactericidal action of the tested 
immune sera; this action in amply proved in the particular ex- 
periment, regardless of opinions concerning the importance and 
significance of the changes found on autopsy at the infection 
site. 

In our consideration of pseud o- tuberculosis (p. 341) we have 
referred to the influence which its presence appeared to have 
exerted on the occurrence of marasmus or death in our bac- 

■^pBODDEN AMD noDENPTL; NeiT York Ued. Jonrn. 1S91, LIU, 897. 
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tericidal and other studies. In our tabulation we have entered 
"no apparent eause" for deatlis of animals when the lesions 
found ware so slight that they conld not be presiuned to have 
stood in direct relation to death. 

The deaths which we recorded as due to toxemia were ob- 
served almost exclusively after intraperitoneal infection with 
tubercle bacilli incubated with active immune sera when marked 
bacteriolyti(i action had occurred, whereas after Hubcutaneous 
infections, as a rule, only a temporary loss of weight of 30 to 
50 grams followed. We attribute the difference in the effect be- 
tween intraperitoneal and subcutaneous infections to the rela- 
tive rapidity of absorption. 

Toxemia occurred also after the subcutaneous injection of a 
mixture of tubercle bacilli and immuue scrum, although usually 
it was recovered from. The animals lost weight during tlie first 
few days after infection, but only slight or no losses were noted 
in the control animals. 

The question of a possible causal relation to our results, of 
bacterial contaminations in our tubercle bacillus emulsions used 
for infection, was referred to in the discussion of diagnostic 
inoculation.s of guinea-pigs, on p. 341 ; this question may be 
raised again in this connection, especially as the emulsion of tu- 
bercle bacilli was subjected to incubation for twenty-four hours 
with a nutrient medium like blood-scrum which may not be 
sterile itself, and in which contaminating bacteria can grow 
and multiply rapidly. Although we admit freely that absolutely 
sterile work was not possible in any of these experiments, we 
guarded against contamination with much care, and we do not 
believe that pathogenic bacteria could have found access to otir 
tubes during incubation or before infection. The microorgan- 
isms likely to be introduced by air-infection are saprophytes 
which do not cause inflammation, abscess or toxemia. 

The fact that no such signs of toxemia were noted in our con- 
trol experiments with human or animal sera, and that most of 
the principals concerned died in the course of a day or two or 
even a few hours after infection, speaks against the possi- 
bility of contamination. The autopsy findings were not those 
that would be referable to the action of pathogenic bacteria; they 
were limited to the lungs which were found anemic, and to the 
heart which was dilated and '"' with blood. In intraperi- 
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toncal infiMitioiiH, pmtouitis wa.s uot foiuiil iu auituaiii which 
lived several days or longer, and in seveml instances of early 
death after this mode of infection the small amoiiiit of peritoneal 
exudate which was found proved lo be sterile. 

For all the&G rca-somi it is highly improbable that our auoma- 
lous results were due, or can be attributed with justice, to a 
bacterial contamiuntiou of our tubercle bacillus emulsions or of 
the sera which were used. 

Oq further examination of our tables, it will be noted that 
not all of our autopsies were verified by microseopical exami- 
nations of smears and sections. These were omitted more fre- 
quently before we had become aware of the great prevalence of 
pseudo-tubereuloeis among our animals. That we have not been 
negligent in this respect, however, becomes evident on compar- 
ing published records of other experimenters who frequently 
appear to have depended upon macroscopical findings alone; 
this may be suflicieat when pseudo-tuherciiloais is uot a factor 
to be reckoued witli, as will appfar in the first and in the last 
series of bactericidal experiments (see Group-Numbers 1-21 and 
129-136). The former experiments were made before pseudo- 
tuberculosis made its appearance iu our animals, and the latter 
in the spring of 1914, when we happened to be fortunate in 
obtaining a lot of normal animals: both groups show the same 
uniformity in results and freedom from complications as we 
had been able to report them in 1912. 

The experiments with immune sera were all conti-olled prop- 
erly. The controls exceeded tlie principals in number, because 
of our purpose of including the study of sera taken before vac- 
cination or treatment, which made it necessary to undertake 
experiments with sera from normal animals, and also testa in 
which the serum was replaced by nonnal salt solution for the 
control of virulence of the tubercle bacillus emulsion in the 
doses which were employed for infection. To make a compari- 
son possible we tabulate the control experiments separat«ly, 
except those for the bovine infections of rabbits. 
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IMMUNIZATION AGAINST TUBERCULOSIS 



SUMMARY OF RESULTS 

Our tabulation includes 182 experimental infections in which 
tubercle bacilli were incubated wiUi immune sera. The tubercle 
bacilli were of human origin in 174 and of bovine origin in 8 
of the experiments. The sera used were obtained at various , 
periods after vaccination in 146, and after treatment in 32 cases; , 
sera from immunized animals were used in 4 of the experiments. 
In order to prevent erroneous conclusions, we exclude from con- 
sideration those experimentti in which the animals died Imm 
other causes or without an apparent cause, before the 30tb day 
after their infection; none of them showed evidence of succew- 
ful infection. With these omissions, the total results shown by 
the autopsies are as follows: 

In the 182 bactericidal experiments with immune sera, 37 , 
animals died before the 30th day after infection, leaving 145 
experiments to be accounted for. I 

50 animals died from 36 to 510 days after infection, average 

165 days. 

95 animals were killed, 45 to 675 days after infe<'IJon, average i 

147 days. ' 

No tuberculosis was fonnd in 141. or 97.3 per cent, i 

Tuberculosis was found in 4, or 2,7 per cent. , 

Our tabulations include 226 control infectious. The tubercle 
bacilli were incubated witli human sera taken before vaccination 
or treatment in 95; with normal animal sera in 40. and with 
normal salt solution in JJl of the experiments. Wc make the 
same deduction on account of deaths which occurred prior to 
the 30th day, as we did for the principals. In several of the 
animals which are excluded for this reason, autopsy showed case- 
ous infection sites and enlarged or caseous lymph glands, and 
in a few of them the infection had extended to internal organs. 
After this deduction there are 209 control experiments to be 
accounted for, the autopsies of which gave the following results: 

a. 62 human sera taken before vaccination. 3 animals died 
before the 30th day after infection, leaving 59 experiments to 
be considered. 
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47 animals died 38 to 205 days after infection, average 97 
days. 

Tuberculosis was found in 46, or 97.8 per cent. 

" Tuberculosis was not found in 1, or 2.2 per cent. 

12 animals were killed, 45 to 428 days after infection, aver- 
age 160 days. 

Tuberculosis was found in 8, or 66.6 per cent. 

Tuberculosis was not found in 4, or 33.3 per cent. 

b. 38 human sera taken before treatment. 1 animal died be- 
fore the 30th day, leaving 32 experiments to be considered. 

25 animals died 31 to 298 days after infection, average 121 
days. 

Tuberculosis was found in 25, or 100 per cent. 

7 animals were killed 38 to 405 days after infection, average 
139 days. 

Tuberculosis was found in 6, or 85.7 per cent. 

Tuberculosis was not found in 1, or 14.3 per cent. 

c. 40 sera from normal animals. 9 animals died before the 
30th day, leaving 31 experiments to be considered. 

22 animals died 30 to 90 days after infection; average 43 

days. 
9 animals were killed 30 to 113 days after infection, average 
66 days. 
Tuberculosis was found in 31, or 100 per cent. 

d. 91 normal salt controls. 4 animals died before the 30th 
day, leaving 87 experiments to be considered. 

53 animals died 32 to 125 days after infection, average 61.5 

days. 
34 animals were killed 35 to 94 days after infection, average 
60 days. 
Tuberoulosis was found in 87, or 100 per cent. 

Tuberculosis was found on autopsy in four principals, Nos. 
40, 41, 107 in Table T, A, and No. 32 in Table T, B. Tlie genu- 
ine lesions in Guinea-pig No. 40 were slight, being confined to 
one nodule each in liver and spleen, in which tubercle bacilli 
were found and sections from which were shown to contain 
'leal tubercles. The infection site was not found and the 
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rt'gioiiat lymph glands were not enlarged. The necrotic area in 
the liver was of pseiido origin. The condition of the animal was 
good, as it weighed 760 grams when it was killed, 229 days after 
infection. Its autopsy control (No. 5, p. 374), infected witii a 
saline emulsion from the spleen, was free from tuberculosis on 
being killed 239 days later. 

Guinea-pig No, 41 was killed 235 days after infection; on 
autopsy the infection site was not found, the regional lymph 
glauds were not enlarged. Massive caseation was present in 
liver and lung, and the latter was the seat of a cavity. Tubercle 
bacilli were found in smears from the lesions of the liver and in 
the contents of the puimonaiT cavity ; but sections from liver 
and lung, including the walls of the cavity, showed no typical 
structure of tubercle. 

Guinea-pig No. 107 showed no macroscopic tuberculosis, but 
typical tubercles were found in sections of the slightly enlarged 
spleen. The infection site was not discovered and the regional 
lymph glands were not enlarged. The animal had gained 250 
grams since its infection, when it was killed 160 days there- 
after. 

Guinea-pig No. 32 had pseudo lesions in liver and spleen ; the 
infection site was caseous, and tubei-cle bacilli were found in 
smears. None were seen in the antiformin residue of the pseudo 
lesions of liver and spleen; but typical tubercles were present 
in sections from the latter organ. The control animal, killed at 
the same time (infected with lubercle bacilli incubated with nor- 
mal salt solution, G. P. No. 85), had typical miliary tubercu- 
losis of liver, spleen and lungs. 

We are inclined lo believe that, with the exception of Guinea- 
pig No. 32. onr infections had no relation to the tuberculous 
lesions found at autopsy. 

On referring to the tables, it will be noted that in the four j 
experiments with the sera taken from two immunized calves, J 
and in the eight experiments with tubercle bacilli of bovin« I 
origin upon rabbits, the animals were found free from tuberea-J^ 
lous disease at autopsy. 

In the control experiments with human sera wc find i 
there were six animals which resisted our infecti<HiH eomolelslr^ 
The sera used in these experiments showed ' 
cific amboceptors, and a small degree of 1 
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served. In the esperiments with s<jra taken before vaccina- 
tion we find that, in Guinea-pigs Nos. 34 and 3fi, the sera were 
obtained from children, sis and four years old, whose mothers 
had been Ireat«d, during gestation, with Watery Extract of 
Tubercle Bacilli, on account of pulmonary tuberculosis. Both 
children were in good healtli and free from tuberculosis as far 
as our examinations could determine ; they failed to react to a 
cutaneous tuberculin t«st, and were not vaccinated. 

The scrum used in Experiment No. 41 was obtained from a 
girl, fourteen years old, who had been exposed to infection. 
She had slight changes in both apices, reacted to tuberculin, and 
showed a marked local and fm'al reaction to a dose of 3 mgr. 
of vaccine. The animal experiment, with her serum obtained 
after vaccination, is recorded in Table lA, No. 81. This girl had 
gained 19 pounds in six weeks. 

The serum used in Experiment No. 44 was obtained from a 
girl, eight years old, whose mother had died of tuberculosis soon 
after the child's birth. She appeai-ed to be in good health and 
no evidence of tuberculosis was found on examination; she re- 
acted, however, to the v. Pirquet test and also showed a marked 
local reaction to 2 mgr. of vaccine, but no general reaction oc- 
curred. The experiment witli serum taken from the same child, 
three months after vaccination, is recorded in Table lA under 
No. Ill, and under No. 38 of the normal salt controls. 

The serum used in Experiment No. 49 waa obtained from a 
woman thirty-five years of age. who was in good health and 
nutrition; her sister was a patient under treatment for pul- 
monary tuberculosis. Examination of the lungs was negative; 
she reacted locally and generally to 6 mgr. of vaccine. The nor- 
mal salt control of tJiis experiment (No. 30) died of generalized 
tuberculosis. 

Of particular interest appears to us the result of the Experi- 
ment No. 20 with serum taken before treatment (controls B), in 
the autopsy of which no tubereuloeis was found when the animal 
was killed 405 days after infection, whereas in the Experiment 
I No. 19, in which the tubercle bacilli were incubated with serum 
n the same patient, taken on the previous day, the animal died 
f generalized tuberculosis 107 days after infection; the normal 
wtmi fnr both (Experiment No, U) likewise died of gen- 
oais, 74 days after infection. In No. 19 the se- 
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ruiu showed uo specific bacteriolytic amboceptors, while they 
were present in No. 20, although not in maximal amounts. We 
can account for the difference in the results only hy the absence 
of specific bacteriolytic amboceptors in the one serum, which cot- 
responds apparently with a negative phase, and by their pres- 
ence in the other. These two esperimenta with sera obtained 
from the same patient, one day apai-t, and conducted alike in 
every way, present an interesting illustration of the cyclical 
appearance and disappearance, in the circulation, of bactericidal 
and bacteriolytic substances. 

Judging of the bactericidal action of human sera taken before 
vaccination or treatment, from the duration of life in tlie ani- 
mals which died spontaneously, we find in the case of human 
sera that death occurred in 72 of the animals after an average 
duration of life of 108 days; whereas in 75 animals iu which 
normal sera from guinea-piga or rabbits, or normal salt solution, 
had been employed for incubation, the average duration of life 
was only 57 days; no diiference was manifest in favor of the 
sera of normal animals over the salt solution in the control 
animals. 

The tabulation of the several autopsy controls is self- 
explanatory. The object of making these experiments was to 
verify our findings, especially in regard to the genuine or 
pseudo nature of some of the lesions, or to the virulence of 
tubercle bacilli, when tliese were found in apparently healed 
or healing lesions. It will be noted that the only positive result 
which we obtained was from a slightly enlarged spleen of Ex- 
periment No. 24, recorded in Table lA (p. 352). 

On comparing the results of these experiments, in the princi- 
pals and in all controls, we find that, when tubercle bacilli were 
incubated with immune sera, tuberculosis was found in 2 per 
cent, no tuberculosis in 98 per cent. When tubercle bacilli were 
incubated with human sei-a taken before vaccination or treat- 
ment, tuberculosis was found in 95 per cent, no tuberculosis 
in 5 per cent ; when tubercle bacilli were incubated with normal 
Hcrura from animals or with normal salt solution, tuberculosis 
was found in 100 per cent of the autopsies. 

We also undertook experiments in animals, intended for A 
further study of the relation of positive com plenient- fixation 
tests to the bactericidal action of the respective immune sera. 
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These experiments were designed to ascertain whether it was 
really essential for their uniform success that a maximal ambo- 
ceptor or lytic action be present in a particular serum-speci- 
men ; whether we could be governed in this respect by the results 
obtained with less than four antigens, or by the degree of mor- 
phological changes as demonstrable in vitro, without complement- 
fixation tests being made at all, or in combination with a 
complement-fixation test made with only one antigen. All these 
inquiries were desirabic because of the large amount of time 
and labor necessary 1^ make the complete tests, and because 
we wished to reduce fhis time, if it were possible without 
jeopardizing the unifonnity and reliability of the results. 

Our study with reference to the antibody content of the 
sera used showed that the degree of morphological alterations 
in the tubercle bacilli, after they had been subjected to the action 
of fresh immune serum, and the titer of the immune serum 
present a close relation and that, as a rule, they correspond. 

We noted only four failures when the complement-fixation 
titer was as high as 1:8 with one antigen, with the degree of 
lysis being below **2. '' On the other hand, the bactericidal action 
was sufficient to prevent the development of tuberculosis with 
a complementrfixation titer of 1:4, when the lytic action was 
well marked, as expressed by **2/' and we found the bactericidal 
action equally sufficient when the complement-fixation test had 
been omitted entirely and the lytic action had been equally well 
marked or had exceeded the degree expressed by **2." 

With the sera showing lower degrees of bacteriolytic action 
than **1 plus," or complement-fixation less than 1:4, we had 
almost uniform failures. In 15 trials with a degree of comple- 
ment-fixation less than 1:4, but associated with a bacteriolytic 
action of *'l plus," we had 10 successes, 1 complete failure 
and 4 doubtful results. 

With sera showing a higher degree of bacteriolytic action, 
that is to say, with one of ** 2" or ''3," we experienced no fail- 
ures in our experiments. 

Our general results were as follows: 

TubercnlosiB due to oar infection in 41 or 39.4 per cent 

Tuberculosis doubtful as to our infection 8 " 7.7 " ** 

Tuberculosis spontaneous, prior to our infection 7 " 6.7 ** " 

No tuberculosig 48 '* 443 " " 
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In these experiments, pseudo-tuberculosis was found iu 57 
animals, or in 55 per cent of the total number. Prom tliese 
results it appears that the degree of morphological changrs 
caused by the active serum stands in relation to that of ita 
bactericidal action, and that this might be used as a guide by 
itself, since no failure has occurred in the related experiments 
when a marked morphological change could be shown in the 
tubercle bacilli. We appreciate fully, however, that our classi- 
fication in the degrees of morphological changes occurring under 
the influence of immune serum is arbitrary and relative, and 
that individual observers might easily differ in their rcspectiTe 
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While we fully appreciate that the successful resistance of 
a guinea-pig, rabbit or olh.;r lower animal to tuberculosis-infec- 
tion, aft«r treatment with a view to its immunization against 
the infection, cannot in itself supply incontestable evidence that 
human subjects would respond in the same manner, we hold that 
positive results in tlie animal experiment have a coniimmtory 
value, that they serve to support clinical observations upon hu- 
man subjects after their vaccination or treatment with the same 
remedy, and that they corroborate the results of bactericidal 
experiments made with human immune sera. 

If biological iests with human and animal sera give the same 
evidences of specific antibodies, i.e., if as a rule they are negative 
before, Eind positive aft«r the administration of the remedy, or 
if the bactericidal power of these sera shows a like or a similar 
relation, we are justified in as.suming a tike or a similar re- 
sponse to the remedy employed. Failures, particidarly in small 

" In the light at the difficulties which we have eneoontaKd in obtain- 
ing normal aniumlB, ne »re eonsi'iering tlie feasibility of substituting for 
our present methods of domonotrating the boeterieidBl actioQ of Inmnuw 
sera upon anlmnlB, the method followed for this parpose with other 
pathogenic bacteria, namely, t!ie etmi)' of Uiu growtli an.i niiiltiplifolion of 
tubercle bacilli upon artifirial niedia after they have bean subjected to 
the action of immune serum; and we likewise intend to by Abderiialdan** 
optical and dialysatlon Ufsta with a view of stuiljing tlio bnctoriolytic 
action of immune sera npon tubercle bacilli, which, if roe t oa rf i i l, mold 
enable us to remove the personal equation which adheres to our pmemt 
method. 
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litboratory animals like giiinea-pigs, in no wise foutrovcrt suc- 
cesses in the human subject. K. Albreuht " exprt^ssed Uie same 
views in bis tlie&es on the problems of humau tul)crculosis, when 
he formulated his general thesis No. 2 as follows: "The results 
of omTnal experiments possess the value of analogous investiga^ 
tions for the problems of liuntaii tuberculosis. These results are 
valid only in so far as they correspond with the established 
results of human pathological anatomy. Where they differ, the 
result of the animal experiment is irrelevant." 

The animal experiment is of value, since experiments upon 
human subjects are impossible,'* and clinical observations may be 
misleading until a comparatively large experience is at hand. The 
more closely the results of the experiments correspond with obser- 

"EuoaH AI.BRBCHT; Frankf. Zeitochr. 1. Path. 1B07, I, S14. 

" We are far from niahing to ondertake or to B-inetiOD eiperimenta opon 
burnan aubjeets; but it maj be of iiit«Tegt to mention in pauiiig tlut ex- 
periments of this uatare have been reported repefttedly. We bare alroadf 

referred to the fact (p. 72) that Jonner inoculated the boy, Jamea Phippa, 
nhom he had vaccinated ttro months before, nitb virulent smallpox mate- 
rial without producing the disease. The youngster naa regarded for hia 
beroiam, in tiubmjtting to the ciperiment, hj the gift of a houae and 
garden. In 1798, Jeuner fumished further proof that conpox will pro- 
tect agaJnat smallpox, by vncpiimting a. child direptly from a cowpoi vesicle, 
and then continuing tbe vaccination from arm to arm tbroogh ft series 
of five ehildreo, after which all flTe "ere variolated, that is to say, Inoea- 
lated with huuian smallpos, the result being again oegatiye. 

Paraskeva & Zallonia (Gai. m6d. <). Paris, 18T2, No. 17; cf. Centrlbl. f. 
d. med. Wise., 1872, X, 413) infected a man. aged 55 years, who waa hope- 
' ill with prngreaaive gangrene, nith the purulent content of a pul- 
monary cavity. After hia death, Rve vreeba later, the apex of the right lung 
) found to contain 17 hard nodules, of lentil aize; there were 2 tu- 
bercles in tbe left apei, and 2 of pea-aize on the convex surface of tbe 
liver. The authors claim that thia experiment shows the poaaibility of 
transmitting tuberculogis experimentally to human subjects. 

In a discuBSioD of the relation of bovine to human tuberculosis, which waa 
published ahortty after tbe British Tubercnloals Congrcas, Baumgarlen 
(Berl. klin. Woch., 1901, XSXVIII, 891; also Deut. med. Woch., 1901, 
XXVTI, 251, L.) related an experiment upon human subjects which waa 
tmdertaken slmoat twenty yeara before by a physician, aince deceaaed, and 
was based upon tbe alleged antagonism between carcinoma and tubercu' 
losis. A number of patients with inoperable, generalized malignant tumors 
inomas, sarcomas} were infected with viruient bovine tubercle bacilli, 
by subcutaneous injections of considerable anounis of the cultures, with a 
V of giving them the advantage that might be possible if Bokitansky's 
T concerning the antagonism between tbe two diseases were correct. 
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vations in liiiinaD subjects, the stronger becomes the evidence that 
our clinical observations possess the relation and significance 
which we are inclined to ascribe to them. In the end, however, 
the practii'al cliuical results become the sole criterion in the eval- 
uation of any given remedy or Iherapeulic procedure, entirdjr 
regardless of what has been shown in the animal experiment. 

In conducting such experimental studies, failures are not nec- 
essarily due to the remedy employed, although the efficiency of 
the latter may vary with the mode of manufacture, with the 
nmterial from which it is prepared, or even with spontaneous 
changes occurring with age. 

Differences in results obtained by different observers may de- 
pend upon a variety of other causes, among which the size of 
the doses, the frequency and method of administration, the 
times, modes and degrees of the subsequeut infcctiona are of 
importance. Apparently very slight differences in procedure 
may become deciding factors and, as their relation may be quit« 
unsuspected for the time being, it may happen that experiments 
fail repeatedly with the technic of one observer, while they suc- 
ceed with that of another, even when the same technic haa bees 
followed apparently. 

On the other baud, the outcome of an experiment may be 
simulated in one direction or the other, as is well illustrated by 
our experience with inactivated sera mentioned on p. 94, be- 
cause we were obliged, for the time, to accept tlie result even 
though it was contrary to the one which we had expected. The 
caution which is implied is recognized by all experienced sta- 
dents in experimental medicine, whereas those with but slight 

The patient* were neitlier benefited nor injured bj this treatment, s* be- 
c&nte evident when their bodiea were einmiDed after death bj Baumg&rtan. 

The pergonal experiment of MoUer is well known, in which this author 
iofected himself with virulent tuberciiloue materia], after having vaccioaUd 
himself with his blind-adder tubercle bacilli. Herbert (Tiibinger Arbeitea, 
1S99, III, 207 (216)} calabliahed the probable harmlesBnesB Of tli* 
Rubinoniteh butter bacillua, by inoculating himself with a culture whiek 
he bad obtained. Similar experimental inoculations are fairlj frequent in 
research lBtaorat«ries, 

Finally the vaecinatione of children, by Webb & Williams with anxa- 
bored living, virulent tubercle bacilli, and by Priedmann with living "miti- 
gated" human tubercle bacilli after passage through the turtle organim, 
must be accepted oa eiperiments upon tlie human subject, the results ot 
which may not become manifest for many years. 
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or with no experience are apt to form hasty and premature con- 
clusions. To guard against the«e it is customary to repeat the 
experiments regardless of the first results, especially when they 
appear to contradict those of other observers or if they are 
not in accord with other facts and experiments, or even with 
the expectations based upon a well-considered theory which 
must be the foiindation of all original work. 

Contradictory results need not be the fault of technic, they 
may arise from unknown defects of apparatus, reagents, or 
materials used, or may depend upon the experiment animals 
themselves. Altogether, experimental studies require not only 
experience but also much time and patience, whether they be 
original or only repeat those of others. Caution is called for 
particularly in the latter case, and studies by an independent 
investigator are more likely to develop the truth, on a first 
trial, if the experimenters cooperate and if the same material 
and technic are employed by both, under the guidance of him 
whose experiments it is proposed to repeat. 

In our earlier studies upon the toxic action of the Vaccine 
on guinea-pigs, doses from five to fifty milligrams could be 
given without apparent harm; young, growing animals con- 
tinued to gain, and full-grown animals showed no loss of weight. 
Only moderate doses had been used in the experimental treat- 
ment of guinea-pigs, upon tlie results of which we reported in 
1912, and no relation seemed to exist between the size of the 
dose and the time necessary to cause the appearance of specific 
amboceptors and lysins in the sera of these animals. It then 
required about ten weeks to produce a maximal amount of spe- 
cific bacteriolytic amboceptors, regardless of whether the weekly 
doses were one, five or ten milligrams. It was also found that 
further treatment did not increase the titer in the complement- 
fixation test, although it did raise that of the agglutinative 
power of the serum. 

This corresponds with the conclusions of other observers, 
that there is a time-factor in the acquirement of specific im- 
munity, and also that there is a quantitative limit in the pro- 
duction of bacteriolytic amboceptors, which cannot be increased 
further once it has been reached. Our observations in the hu- 
man subject already had suggested the latter point; they dif- 
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fered from those in the animal experiment in so far as it i 
possible in tlie nonual hmiian subject lo stimulate the « 
plete immunizing rospou-'^e iu the course of one week, by mo 
of a single dose of Vaccine. 

It still remained to be determined whether or not a singlel 
dose, or at least less numerous doses, would be effective, with ■ ' 
proper mode of procedure, in producing the same results i 
animals. In our endeavor to find an answer to this question, 
we observed that a complete immunizing response could be 
elicited, in rabbits and cattle, by the intravenous administration 
of one or two large doses of vaccine ; but even in this case the 
specific amboceptors required from tliree to five weeks for their 
maximal development. 

On p. 20 of our report of 1912 we recorded some experiments I 
in a group of imiounized and infected animals, giving the re- I 
suits of our autopsy findings in so far as they were available I 
at that time. It now remains for us to give the results of oar \ 
autopsy findings for the remaining animals of this group, 
Nos. 9, 12, 14, 15, 16, 17 and 18, which had been treated and 1 
infected in the same manner as those whose autopsies we de- 1 
scribed, but which had been kept for further observation. 

Guinea PiQ No. S. Weight on daj of infeetion, 620 grams; kfllad ■ 
4S6 days; weight 980 grama, 

Autopgy: Slightly enlarged, hard eervioal lymph glanda ahnw flbron ' 
structure; one meeenteric gland, 3 mm., hard; omentam thickened. No 
other chungeB. Antiformin residue of smears from cervical and meooiteric 
glands and omentum negative. No tuberculotii. 

OuiNEA-pio No. 12. Weight on da; of infection, TTO granig; killed after 
440 days; weight 1195 grams. 

Aittopty: All parts and organs normal, except two fibrous scars in tlM 
right lung. Sections negative. No tubercutotta. 

QdineA'PIQ No, 14. Weight on day of infection, 670 grams; remf«ct«d 
Tl£ days after Grst infection; weight 980 grams. Died 12 days after we- 
ond infection; weight 630 grama. 

Autopsy: First infection site not found; new infection site 3 tniin , ana 
of infiltration; omentum and serosa of right testicle contain several doubt- 
ful nodules in which no tubercle bacilli are found; peritoneum, liver, splen 
show several caseous nodules, 12 nim. in diameter, probably paeado 
tuberoulosis of the Pfeiifer type; negative in smesirg, ami no tubercles i: 
sections. No apparent cause for death. No tubcrealotis."' 

"Control animal for reinfection died of ganeraliied taberenlods 68 dajt>i 
after Infection. 
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Gintnu-pia No. 15. Weight on date of infection, 7E0 gramaj died of 
acuta pneumonia 696 dajs later. Weiglit before the onset of pneQinonlA 
910 grams; weight at death 610 gramB. 

AvtopMi/: All parts aod organs normal, except luogs; upper lobe eon- 
taini a retracted flbrouB area 2 by 3 mm. Smear from antiformin reddtw 
negative. Left lung and right middle lobe acute pneumonia; smenrs from 
antiformin residue negative; Bcctlona show no tubcrirleB. No tubercatoait. 

GtiiKEA-pia No. IQ. Weight on Any of infection, 660 grams; died of 
acute pneumonia TIT dn^s later. Weight before onsHt of pneumonia 1000 
grama; weight at death 030 grams. 

Avtopty: All parts and organs normal, except that the entire right long 
is the seat of pneumonic changes. Diptococcus eapsulatus in ameara from 
cut Burfare; no tubercle bacilli in enieare of antiformin residue. No 
tuberctitosU. 

GuiNGA-Pic No. IT. Weight on day of infection, 560 grams; died of 
acute pneumonia S95 days later. Weight before the onset of pneumonia, 
1030 grams; weight at death, 6-^0 grama 

Autopsy: All organs and parts normal, eicept the liver, which ahowa a 
fibrous retracted area, B mm. in diameter, and the right lung and left 
upper lobe, which are the Beat of pneumonia. Sections sliow no lubcreles. 
Bmcars from antiformin residue of liver and lung ahow no tubercle bacilli. 
Cultured a small micrococcus from the seared pneumonic portion of the 
lung. No tuberculoiU. 

GuiNEA-pia No. 18. Weight on day of infection, 530 grams. Reinfected 
with n.ous mgr. of tubercle bacilli, aubcutaneously, 695 days aft«r the 
first infection. Weight 880 grams. Killed 121 dujB after second infec- 
tion; weight 600 grams, 

Autoyty: First infection site not found; second infeclion site caMont; 
tubercle bacilli found in smears. Lymph glands regional to second infec- 
tion site are hard and flbrous. Mesenteric glands hard; bronchial glands, 
10 mm., cartilaginous; mesentery contains a few nodules, 1 mm. in diame- 
ter, apparently recent. Liver and spleen enlarged, contain several necrotic 
foci, 2 by 7 mm. in diameter. Right lung, upper lol>e, and left lung, lower 
lobe, in each a firm fibrous mass within which are communicating cavities 
with casuous contents. Smears show tubercle bacilli; sections from mesen- 
tery, liver and spleen show no tubercles; sections from the walla of the 
lung cavities and from bronchial glands show only fibrous structure; smeara 
from the necrotic foci in liver and also in Bpleen are negative." 

It is difficult to judge eorrectly of the relation of our rein- 
fections to the lung lesions. It is possible that the fibrous masses, 
in which the cavities were found, were the result of our first 
infection. It is also possible, however, that a spontaneoua 
superinfection, prior to our second infection, I'ould have been 

" Two control animals for reinfection died 24 and 31 days after inoen- 

lation ; autopsy showed miliary tuberculosis. 



388 IMMUNIZATION AGAINST TUBERCULOSIS 

responsible, inasmuch as the fibrous walls of pulmouary cavities, 
which are free from infiltration, must evidently be of long stand- 
ing, and the time of 121 days from the date of our second in- 
fection appears rather short for such changes to occur. The 
idea that the lung-lesions antedated our second infection might 
find support from the recorded weight of this animal, which 
had been 1010 grams six weeks before, and had gradually dimin- 
ished to 880 grams by the time when our second infection wag i 
made; but, inasmuch as the animal had evidently acquired 
pseudo-tuberculosis of the liver, spleen and mesentery, this can 
of course have stood in relation to the previous loss. 

On the same page we recorded an autopsy upon an immunized I 
animal (Guinea-pig No. 3) in which one traj;heal and one bron- 
chial lymph gland was found caseous, and acid-fast grannies I 
were found in smears. Ouinea-pig No. 43 was infected subcu- 
taneously with caseous material from this tracheal gland, which . 
was followed by suppuration and death on tlie sixth day. 
Guinea-pig No. 44, infected subcutaneously with caseous male- | 
rial from the bronchial gland, continued in good health and had ' 
doubled its weight at the end of the seventh month, when it , 
was used for another purpose. 

In our experiments made since, with a view of substantiating ( 
the results reported upon in 1912, we soon met with much , 
greater difficulties, for which we were, at first, an much at a 
loss to account as we were for some anomalous observations in 
our bactericidal experiments which we have described already 
and, in the end, they were found to have an identical cause. 
After treating the animals with lite or larger doses and for like 
periods of time as before, we often found the specific anti- 
bodies to fail much below the titer that we had adopted as our 
standard, and only traces eould be demonstrated in several 
animals after repeated examinations, while the lytic action of 
their sera upon tubercle bacilli was less marked, doubtful and 
not manifest at all. The animals were then treated further, , 
and a new lot was started in which we changed and varied the I 
size of the doses of vaccine. After having given from fourteen I 
to twenty doses, representing totals of vaccine of between 78 | 
and 134 railligramit, we succeeded in 16 of the animals of the I 
first group in obtaining the desired result in senun tests: in I 
a second group we succeeded in 13 animals, after gi"ng from ( 



ACTIVE IMMUNIZATION OF ANIMALS 38» 

eleven to twenty-four doses, representing totals of vaccine of 
between 23 and 145 milligrams. The animals were thereupon 
infected. 

The results of the infections with 0.01 mgr. of tubercle ba 
cilli of human origin, from a growing agar-culture, in emulsion 
prepared on the day of infection, are given below for both 
groups. 

GBOUP I 

A. INTBAPEBITONEAL INPECTION. 
6 Principals. 

GmNKA-Pio No. 59. Weight 740 grams; diecl 4 days after infection; 
weight 700 grams. 

Autopty shows peritoneal exudate which is sterile and free from ta- 
bercle bacilli No apparent cause of death. No tubercvlotia. 

GuiNEA-Pio No. 60. Weight 700 grams; died within 24 hours; weight 
610 grams. 

Autopsy: Abdominal organs congested; slight amount of cellular exudate 
which shows tubercle baciUus granules with leucocytes; otherwise sterile. 
No apparent cause for death. No tuberouloais, 

QmNEA-Pio No. 62. Weight 740 grams; died within 12 hours; weight 
700 grams. 

Autopsy identical in all respects with that of No. 60. No cause for 
death. No tuberculosis. 

QuiNEA-piQ No. 63. Weight 710 grams; died after 116 days; weight 
670 grams. 

Autopsy: Gaseous nodule subcutaneouslj at infection site; no taberde 
bacilli found in smears; pseudo lesions of the PfeifTer type in liver and 
spleen; smears and sections negative as to tubercle bacilli or tubercles. 
No cause for death. No tuberculosis. 

GuiNSA-pio No. 70. Weight 630 grams; died after 10 hours. 

Autopsy gave an identical record as that for Nos. 60 and 62. No eansei 
for death. No tuberculosis. 

GuiNBA-Pio No. 130. Weight 770 grams; died after 43 days; weight 
580 grams. 

Autopsy: Gaseous nodule subcutaneouslj at infection site; no tubercle 
bacilli found in smears; pseudo lesions of the Pfeiffer type in spleen; 
smears and sections negative as to tubercle bacilli or tubercles. No eaose 
for death. No tuberculosis, 

5 GoNntoLS. 

GuiNSA-PiG No. 284. Weight 520 grams; died after 50 days; weight 
350 grams. 
Autopsy: Gaseous nodule subcutaneouslj and in peritoneum at infection 
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Bite; generaJized tubereulosig; Bmears and wctionB are all poaitiva. Dflfttfa 
from generaiited tabereuloait. 

GuiNEA-Pio No. 285. Weight 465 grams; died after 56 daji; wdgbt 
300 grams. 

Avtopsij record proctifollj identical with that of Guinea-pig No. £84. 
Death from generalieei tuberovloaia. 

OuiNEA'Pio No. 286. Weight 46S grams; died after 53 da^B; wd^ 
350 grtuDB. 

Aiitopsj) record practi<^aU]' identical with that of Oulnea-idg No. SSL 
Death from generalieed tviierculoni. 

GoiNEA-pio No. 287. Weight 465 grams; died aft*r 83 dnys; weight 
280 gramg. 

Antopiy record praetiesll; identical witb that of Oninea-pig No. SM. 
Death from generalised tuberculona. 

QuiNEA-Pio No. 2SS. Weight 400 grams; dicil after 37 dairs; weight ' 
300 grams. 

Autopsy: Infection site not found. Generatued acute miliary Itibfrm- j 



B. SUBCUTANEOUS INFECTIONS. 
7 PKiNoiPAi.a. 

QuiNEA-Plo No. 72. Weight BOO grams; died after 148 days; weight 
820 grams. 

Avtopsy: Infection site not found; regionnl and all other lymph glandf 
norma!; 70 cc. of flotted blomi in pcritonutil CHvitj, storilo; Uirt'i: hiird, 
GbrooH nodules in omentum; hobnail liver (antifoTmin residue shows ao 
tubercle bacilli; sections show cirrhosis and necrotio areas; no tubercles). 
Obstruction of portal circulation ; point of rupture not fouud. Death 
from hemorrhage. No tvbercvlotit. 

QuiHEA-pio No. 73. Weight 700 grams; ^ed aftei 93 da^s; w^U 400 

Autopiy: Infection site caseous: smears show no tubercle bacilli; pseudo 
lesions in liver; Hmears and sections negative fls to tubercle bacilli and 
tubercles. No apparent cause for death. No tuberoviotie. 

GuiHZA'Pio No. 74. Weight 600 grams; died after 89 days; might 400 

Autopsy: Infection site caseous, smears show no tubercle bacilli, bat 
man; cocci; pseudo lesions in liver and spleen; stiicars show no tuberclo 
l>aciUi, but cocci like tliose found in smears from infection site; sMUinu 
negative as to tubercles. No cause for death. No tubfrcutons. 

OuiNEA-piO No. 7B. Weight 570 grams; died after 146 dsfi; waigbt 
450 grams. 

Autopsy: Infection site not found; pseudo lesions in liver; no tubercle 
bacilli in sini^urs; sections show no tubcrelrs. No cause for death. 
tuhercvlofU. 
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Gdikea-pio No. 129. Weight 600 grami; died after 48 dajs; weight 
300 grams. 

Autopty: Infection site CBBeous; Btiieara show mi tubercle bacilli; paeudo 
lesiuDB in liver and spleen; ameara and gections negative aa to toberele 
biLuLlli and tubercles. No cbqk for dsatb. No tubereulotit. 

OuiNEA-Pio No. 7fl. Weight 700 grams; died after 68 (Uys; welgbt 
760 grama. 

Autopsy: Infection rite not found; rfgional and other Ijinph glands 
normal; abdominal cavit; flllod with blood; liver veiy soft and friable; 
adhe«ioDB to diaphragm; spleen contains three 1 mm. hard nodolea; nmeaTB 
from antiformin resiiiue from liver mul spleen show no tubercle bacilli; no 
sections made. Death from rupture of abdominal blood Teasel. No 
tubereulotis. 

QniNBA-piQ No. 135. Weight 600 grams; died after 79 dajs; weight 490 

AMtoptij: Infection site thirkeoed and indurated; smears from anti- 
formin residue show no tubercle bacilli; regional l;mph glands hard and 
Rbroua; spleen contains necrotic areas; smears show no tubercle bacilli; 
liver slightlj enlsrgcil, eoft, frjublc; smears from antiformin residue are 
negative ae to tubercle bacilli; aeetiong from liver and spleen show no 
tubercles. No cause for death. Ifo tuberouloaii. 



2 CONTBOLS. 

OuiNEA-Pia No. 305. Control. Weight 35S grams; died after 10 dajs; 
weight £60 grams. 

Autopgy shotvs nothing abnormal. No cause for death. No tuberotiloMt. 

Gfikea-pio No, 362, Control. Weight 420 grams; died after 48 dajsi 
weight 320 grams. 

Autopgy: Infection site and regional Ijmph glands caseous; sections 
from all interna! organs positive; tnbercle bacilli in smears. Beneralised 
tuberoulotit. 



C. INTRATRACHEAL INTEOTIONB. 

3 PUNCtPiXS. 

OuiHU-Fio No. 136. Weight 610 grams; died after TS da7>; vdghl 

400 grams. 

Antnpny; Infection dtA not found; regional and other lymph glands 
normal; pseuilo lesions of the I'leilfiT tyjn-, in liver mul spleen; anicars 
from antiformin residue sIioh no tubercle l>iicilli; sections are negativo 
as to tubercles. No cause for -leutli. A'o labsTcalosin. 

Guinea Pi No. 137. Weight 630 grams; died aitBt 3S dfl?i; wel^t 
510 grams. 

Autopsy: Infection site not found; regional and other Ij^ph glands 
normal; obstruction of large intestine; spleen slightly enlarged; smears 
from antiformin residue show no tnbercle bacilli. DeatA from intestliul 
obstruction. No tviermloaii. 
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GniNEA-Fio No. 139. Weight 650 grama; died after 112 Aajg; wei|^t 
600 grami. 

Avtopiy: Xofectdon tdto not foundi cervical and thoracic iTmpti glands 
enlarged; omentDin thickened, bIiows numerous miuute nodulea; large 
necrotic area in spleen; imall necrotic area in iiver; all lesions oegatiTe 
in smeare and section^ except spleen, in tiie antiformin residue of nbieb 
Bcid-fast rods and granules were found. No apparent cause tot dt«ui. 
Pseudo lesionH of the Pfeiffer tjpe. The result is doubtful; probably no 
tuberculosis due to onr infection. 

2 CONTBOLS. 



Weight 410 grama; died after 42 days; wu^t 



GUINSA-PIO No. 

300 grains. 

Avtopgy: Infection site eaaeons; regional lymph gUnds enlarged; bd- 
tneroUB miliary tubercles In liver and spleen; abdominal lymph glands 
enlarged; tubercle bacilli found in smears from antiformin reaidnes from 
all lesioDa. Tvheroulosit. 

GuiNEA-pio No. 361. Weight 410 grams; died after 26 days; weight 
260 grams. 

Autopsy: Infection site and regional lymph glands caseooa; tuberrl.' 
bacilli in smears; seetionB from all lesions positive. Generalised tubertu- 
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1 the preceding group, unless stated otherwise. 



A. INTBAPEBITONEAL INFECTIONS. 
4 Pbjikiipals. 

Gdinea-pio No. 134. Weight 700 grams. Infected with 2 mgr. of 
tubercle bacilli; killed after 161 days; weight 600 grama. 

Autopsy: Infection site caseous; tubercle bacilli in smears; psouilu 
lesions of the Pfeiffer ^e in liver; otherwise normal (see Autopsy-control 
No, 1, Guinea-pig No. 714, p. 395). 

QuiNEA-piG No. 142. Infected with 2 mgr. ot tubercle bacilli; weight 
020 grama; killed aft«r 205 days; weight 450 grams. 

Autopsy: Infection site not found; regional lymph glands hard an<l 
flbroas) fibrous nodules in omentum and lungs; pseudo leuous 01 the 
Pfeiffer type in liver and spleen; all smears and sections negative. (Sen 
Autopsy -control No. 2, Guinea-pig No. S47, p. 395.) Ko tuberet^otit, 

GniNiu-pia No. 154. Weight 680 grama; died of abortion aftar S48 
days; weight 650 grams. 

Autopgy: Infection site caseous; no tubercle bacilli found In naMrs; 
all organs and parte normal. No tvbercvlogie. 

OuiNEA-pia No. 163. Weight S70 grama; killed after 112 daja; weight . 
530 grams. 
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Autopsy: Infection site and regional lymph glands not found; pseudo 
lesions of the Pfeiffer tyi>e in spleen; smears and sections negative (see 
Autopsy-control No. 3, Guinea-pig No. 642, p. 395.) No iuheroulosis. 

3 Ck>NTB0L8. 

6mNKA-Pio No. 505. Ck)ntrol. Weight 400 grams; died after 76 days; 
weight 420 grams. 

Autopsy: Infection site and regional lymph glands caseous; caseous and 
non-caseous tuberculosis of all organs, tubercles and tubercle bacilli in 
smears and sections from all lesions; sections from liver and spleen show 
pseudo lesions. Generalieed tuberculosis, 

QxnNKA-Pio No. 517. Ck)ntrol. Weight 370 grams; died after 57 days; 
weight 300 grams. 

Autopsy: Infection site and regional lymph glands caseous; tuberculosis 
of all organs, tubercle bacilli in smears from all lesions; no sections made. 
GensrdliBed tuberculosis, 

GniNEA-pio No. 516. Ck)ntrol, for Guinea-pigs Nos. 134 and 142. Weight 
460 grams. Infected intraperitoneally with 2 mgr. of tubercle bacilli; died 
after 26 days; weight 340 grams. 

Autopsy: Smears and sections from all lesions positive. Acute miliary 
tuberctUosis, 

B. SUBCUTANEOUS INFECTIONS. 
3 Pbingipals. 

GuiNEA-Pio No. 91. Weight 580 grams; killed after 112 days; weight 
860 grams. 

Autopsy: Infection site caseous; tubercle bacilli in smears; one fibrous 
nodule in spleen; sections shows no tubercles (see Autopsy -control No. 4, 
Guinea-pig No. 641, p. 395.) No tuberculosis. 

Guinea-pig No. 138. Weight 700 grams; died after 354 days; weight 
980 grams. 

Autopsy: All parts and organs normal. No cause for death. No 
tuberculosis, 

GuiNEA-Pio No. 210. Weight 580 grams; killed after 67 days; weight 
740 grams. 

Autopsy: All parts and organs normal. No tuberculosis, 

2 Controls. 

GuiNKA-Pio No. 504. Control. Weight 560 grams; died after 48 days; 
weight 370 grams. 

Autopsy: Infection site and regional lymph glands caseous; tubercle 
bacilli in smears; miliary tuberculosis of liver, spleen and omentum; tu- 
bercle baeilU in smears. Cause of death: Miliary tuberculosis, 

GxnNKA-Pio No. 518. Control. Weight 545 grams; killed after 68 days; 
weight 380 grams. 
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Aittopsif: Itifef^tion aits and regional Ijmpb glandB camaua; tubercle 
bacilli in gmearBj caseoua and uon-caBCOUB tuben^ulosis of all orgaDs; al' 
smears and scctiona poaitive. Gencralieed tubercvloHi. 

C. INTRATRACHEAL INFECTIONS. 
6 PRINOIPALB. 

GuiNEA-pjQ No, 150. Weight 880 grams; kUled after 78 daja; weiglit 
BOO grama. 

Aatopty- AH parts and organs free from tuberculosia ; pacudo leatoDi 
of the PfeifTer type in liver and spleen; gmears from antifonnin roiidm, 
and sections are negative. No tvlbeTC^aiis. 

GuiN-BA-piQ No. 151. Weight 610 grams; killed after 161 days; wdcht 
770 grama. 

Autopsy: All parts and organs free from tuberculosis; pseudo lerioiu 
in liver («ee Autopay-eontrol No. 5, Guinea-pig No. 716, p. 3B5). No tuber- 

GuiHEA'Fio No, 183. Weight 5S0 grams; killed &fter 112 days; wri^t 

600 grams. 

Aiitopty: All parts and organs normal, except spleen, which ahowi 
pseudo lesions of the PfeifTor type. No tubermlonii. 

GuiNEA-PiQ No. S04. Weight 660 grams; killed after 161 days; w^ht 
720 grams. 

Autopty: Infection site not found; regional lymph glands hftrd ftnd 
fibrous; one fibrous nodule in ap]e?n; smears from antiformm re^due 
show tubercle bacilli; sections negative aa to tiibcrck's. (Ste Aulopay- 
coDtrol No. 6, Guinea-pig No. 710, p. .105). No taberculoaig. 

OuiNEA-Pio No. 205. Weight 610 grams; killed after 76 days; weight 
720 grams. 

Autopsy: All organs and parts normal. No tubereulatis, 

GmNEA-piO No. 456. Weight 470 grama; killed after 161 days; waigbt 
65 grama. 

Autopsy: Infection site open ulcer; smears negative; few flbrons nodnlea 
in liver; lung ahons an area of livid induration in right apex; mMn 
negative {see Autopsy-control No, 7, Guinea-pig No, 709, p. 395). No t» 
^erovlotis, 

2 OoNTSOM. 

QuiNEA-Pio No. 502. Control. Weight bBU grams; died after 50 days; 
weight 250 grams. 

Autopsy: Infection site not found; regional lymph glands enlmrged, 
caseous; miliary tubercles in all organs; antiformin residue, smears porf- 
tive from all organs; no aertiona made. Arvtr niilinry lubeTrulosii, 

Gi'iNEA-Pio NO. 503. Weight 4S0 grama; died after 37 dajs; weight 
440 grams. 

Autopsy: Infeetion ^te not found; regional tymph glands enlarged; 
otherwise the same record as that for Guinea-pig No. 502. AeuU wti H ar j t 
tuberculotU. 
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It will be noted that death o'curred without apparent or suffi- 
cient cause in 10 of the 16 principals in Group I, unless pseudo- 
tuberculosis could be considered in that light; the lesions in the 
organs appeared to us to-be quite insuffieient to cause death. 

The cause of death in throe other animals is evident from the 
autopsy findings; the deaths in Guinea-pigs 59. 60, 62, which 
occurred also mthout apparent cause, are evidently the result of 
a tosic effect similar to that observed in Nos. 6. 7. 8, 9, 13, 31, 32 
and 33 in the bactericidal experiments. The fact that the con- 
trols escaped, and that in one case, which was examined bac- 
teriologically. the peritoneal exudate was found sterile in a cul- 
ture experiment, appears to eliminate bacterial contamination of 
the tubercle bacillus emulsion which was used for the intraperi- 
toneal infections. 

In our i-esults in Group II we have only one death occurring 
witliout apparent cause, 354 days after infection. This animal 
had gained steadily after infection, and weighed 920 grams 
two weeks prior to its death. It lost 420 grams in the two weeks ; 
and yet all organs were normal on autopsy, except an indurated, 
livid area of very small extent in the tip of the upper lobe of the 
right Inng, which we have since learned not only to recognize 
but also to fear as a type of pseudo- tuberculosis which we de- 
scribed elsewhere <p. 318). 

Eleven of the principals were killed long after their controls 
had died. Five of them had pseudo lesions of liver, spleen, or 
both ; two had the same lesions in the lungs as those just men- 
tioned. One died 248 days after infection on account of abor- 
tion. All autopsy controls but one were free from tubercu- 
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losis; the positive case beiug OuiDoapig No. 947, which had been 
infected witJi a saline suspension of a fibrous nodule from the 
lung of Guinea-pig No. 142. 

The animals in this second group behaved better after their 
infection and, although we found tubercle bacilli in the caseous 
infection sites of two of thein, and in a third one the infection 
site had ulcerated and was still open, no tiibercle bacilli were 
found and no tuberculous disease was present. More animals 
had gained in weight since their infection, especially when 
pseudo lesions were not in evidence. Among our controls we 
observed a normal course in both groups, excepting possibly 
one animal. Guinea-pig No. 305 in Group I, which died 16 days 
after infection, the miliary tubercles present in liver and spleen 
appearing inadequate to have caused death," The long period 
of treatment which appeared necessary in the principals was, 
however, contrarj' to our experiences in 1911-12, nor were the 
results as clean-cut as they had been then. 

Under the circumstances we were forced to consider the vac- 
cine used in the treatment of these animals; yet to the accept- 
ance of the view that it stood in relation, our observations in the 
prophylactic and clinical u.se of the preparation were opposed. 
the satisfactory results from its employment being demonstrated 
daily, and fully as good as in the beginning. The only clinical 
difference that we could find was that the reactions after the 
injection of the vaccine were not so well marked, and that febrile 
reactions did not occur as frequently in response to small doees 
as had been noted at first. 

As far as the physical appearance of the Vaccine was con- 
cerned, we found no difference on comparing it with a specimen 
purposely set aside; but a chemical analysis showed that a 
change had taken place, in that some of the proteins had become 
reduced, and the missing per cent was shown to be present in 
the form of nucleic acid. This was a surprise because we had 
found no such change, or any change whatever in our Watery 
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" The more frequent absence of pseud o-tuberculoiia in tiie eontrol ■nl- 
nmlB appears tcu remarkable on considering that the? had lev oppar- 

tuoity for its apquirpnient by expusiiro in our arimal-houBes, becnmie na 
n rule they were received by us only shortly before they were used, whila 
the prinripala had beeu treated for periods of from fourteen to twentj-fonr 
wpeks before being infected. 
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Extract of Tubercle Bacilli, after several years, in frequent 
examinations since we first produced it in our laboratory in 
1896. The change in the Vaccine was shown to be actual by 
repeating the analysis with identical results and, while we con- 
tinued its study on animals in increasing and variously modified 
doses and modes of administration, we were obliged, for com- 
parative studies, to await the time when a fresh preparation 
should be available. We also watched our clinical results as 
closely as possible with a view of determining the propriety of 
substituting, temporarily, our Watery Extract of Tubercle Ba- 
cilli for the Vaccine; but this was never found necessary or 
desirable, and we were amply confirmed in this position by spon- 
taneous reports from physicians, which we received with increas- 
ing frequency, and also in reply to a special collective inquiry, 
of highly satisfactory and often brilliant results at the hands 
of colleagues to whom vaccine had been supplied regularly ever 
since we ourselves had applied it practically. 

Besides the two groups of experiments in active immunization, 
which we have considered, a number of other guinea-pigs had 
been treated, but their serum-tests were, as a rule, unsatisfac- 
tory, even after prolonged administration of the Vaccine. In 
two series, one comprising 24 and the other 38 experiments in 
which the infections were nevertheless made, very few of the 
animals or of their controls lived long enough to justify their 
consideration for the purpose for which they were intended and, 
with but very few exceptions, all had pseudo lesions when they 
died. The type of pseudo-tuberculosis appeared to vary with 
the stock of the breeder. In shipments obtained from different 
sources, there were animals in which the pseudo lesions were 
only of the Pfeiflfer type; in other shipments the type corre- 
sponding with that produced by the Bacillus abortus Bang was 
found; but the type which is characterized by the indurations 
in the lungs, mentioned on p. 318, was the most frequent one. 

A third series of 62 animals was treated with a partially new 
preparation of vaccine, without any difference whatever being 
demonstrated in the results; many died during their treat- 
ment, only a few of the animals were infected, none of them 
lived more than five weeks; the controls also died prematurely, 
the same as the principals, and all animals were found to have 
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pseudotuberculosis. Realiziug that it would be a loss of time 
and mouey to go any further, we killed and autopsied &1] 
gutDea-pigs which wo had on hand, r^;ardless of whether they 
were beiug treated or had been used for experiments, or whether 
they belonged to our suppoeedly normal stock. This course ap- 
peared fully ju.stified when we found that, among 118 of sup- 
posedly normal guinea-pigs which had never been used for any 
experiments, there were ouly two which were free from evidences 
of pseudo- or of genuine tuberculous infection. 

Including this lot of 118 animals, nearly 1000 autopsies were 
made during the early months of 1914, after which we did not 
undertake other than bactericidal experiments because, one o! 
us having agreed to be in London in May or June of the year, 
there was no time to conduct or finish experiments of active im- 
munization. We succeeded in obtaining only one lot of guinea- 
pigs which were free from pseudo- tuberculosis, and the bac' 
tericidal experiments made with this lot were fully satisfactory 
in their results. 



ACTIVE IMMUNIZATION OF BABBITS 

We have not met with the same degree of difficulties when 
we used rabbits as experimental animals. We found much fewer 
cases of spontaneous genuine and pseudo infections, but coc- 
cidiosis has caused us numerous loK.ses, and pneumonias have at 
times been troublesome. The rabbits which had pseudo- 
tuberculosis bore their treatment with vaccine better than did 
the guinea-pigs and, on the whole, we had fewer deaths from 
incidental diseases, and very few in which the cause of death 
was left obscure. 

The results of several experiments which we made in order 
to determine the bactericidal action of human and bovine sera 
after vaccination, upon virulent tubercle bacilli of bovine origin, 
for rabbits, are added to Table I. 

The accompanying labulalioii will, we believe, support Ufl suffi- 
ciently in our contention that rabbits can he. immunized the same 
as otiier animals. In some of the animals a vaccine made from 
the bovine type of tubercle bacilli, in others one made from 
the human type, was used for treatment ; but tiiere was 
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apparent difference in the antibody-contents of their sera or in 
the results after infection. 

While we have not infected any large animals heretofore, 
we treated twelve calves with vaccine, giving single large doses 
of ten cubic centimeters intravenously to some, and two such 
doses to others. We contented ourselves so far with the dem- 
onstration of specific antibodies and lysins which were found 
to have developed, the same as they were observed in smaller 
laboratory animals, and they were demonstrable quantitatively 
in like amounts^ the maximal titer being reached from four 
to five weeks after a single dose or two doses had been adminis- 
tered. We have reexamined the sera of these calves at various 
periods after vaccination and, up to two and one-half years later, 
we have not failed to find these antibodies, although quanti- 
tatively they appeared to have diminished; whereas they were 
never found in sera from calves or grown cattle not previously 
treated, or in their sera when these were used for controls. In- 
fections were not made in these animals because they are part 
of the valuable stock belonging to the dairy of the Winyah 
Sanatorium. The sera of four of the vaccinated calves were, 
however, used successfully for bactericidal experiments with 
tubercle bacilli of human origin. 



CHAPTER XIII 



THERAPEUTIC EXPERIMENTS 

Experimental therapeutic studies upon animals have been 
undertaken by numerous observers, and were attempted also in 
our laboratory, especially since the introduction of tuberculin 
in 1890. Our attempts to demonstrate the therapeutic value 
of the various tuberculins and of other products of the tubercle 
bacillus failed, or at least we did not meet with even a fair 
degree of uniformity in our results ; we gave up further studies 
in this direction in 1901, after the therapeutic employment of 
the Watery Extract of Tubercle Bacilli in animals had yielded 
contradictory results in which the failures far exceeded the ap- 
parent successes. In some of the successes, however, the re- 
striction of tuberculous changes to the infection site and to 
regional lymph glands, or the unmistakable reparative processes 
found in the involved organs, su^ested that our treatment 
had exerted a favorable influence upon the clinical course of 
the disease, and we should have been in a position to accept 
and to claim a relation of these positive results to the treat- 
ment, had it not been for the fact that the majority of th« 
animals, treated in exactly Ihe same manner, not only failed 
to present like evidences of a favorable influence, but that we 
found in.staneea in which the prt^ress of the dLsease was rapidly 
fatal, sometimes more rapidly than was (he case in untreated 
controls. We concluded at that time either that the guinea-pig 
was not a suitable animal for experiments of this kind or that 
our preparation was incapable of counteracting an artificial 
infection uniformly. In the course of our more recent rfr 
searches we were induced, however, to make a therapeutic trial 
in a certain lot of animals which could not be nsed for any 
other purpose, on account of spontaneously acquired tiibereu- 
loeis, and we con^der our observations in these animals to be 
of sufficient interest and importaJic« to be recorded, although 
our results were really not much better than were those which 
400 
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we had observed with the use of the Watery Extract many years 
ago. The difference lies in the fact that we now understand the 
reasons for the failures, and that we can interpret the results 
more correctly. 

The original number of this lot of guinea-pigs was four hun- 
dred. Eight of them were found dead in the shipping-boxes 
on arrival, and were not autopsied; 3 died before they had 
received any vaccine ; 18 died after the first dose ; 31 after the 
second dose; and 14 after tbe third dose of vaccine, a total of 
74 animals. 

Of the 66 animals which came to autopsy, after receiving from 
one to three dosee of vaccine, none showed lesions which copld 
be considered suiBcJent, in number or extent, to have caused 
death ; on the contrary, in most instances the lesions were com- 
paratively slight. In some, p sen do- tuberculosis was found either 
alone or associated with genuine tuberculosis ; in otliers, nothing 
abnormai was found beyond small, circumscrihed areas of in- 
tense congestion, which we accepted as evidences of focal reac- 
tions to the vaccine, because of the subsequent findings in smears 
and sections. A characteristic feature appeared to be the rapid 
loss of weight in all these animals. Our autopsy findings were 
as follows: 

MaeroKopic lesionH of genuine tuberculoaia , 46 

Macroscopic lesions of genuina and pseado-tiiberaiilOBiB ■.... 10 

Focal renctioRB only 6 

Focal roaetions, and Icsiona of p»eiido-tuboreulosia 8 



Focal reactions were observed in all animals that had genuine 
tuberculous lesions. 

With these results before us, it was of course impossible to 
be certain whether all unsuitable animals had been weeded out, 
and it was decided to let the animals rest for a week or ten 
daj's without treatment, and to watch tbeir behavior. No 
further deaths occurred during tJiis time; most of the animals 
had lost decidedly in weight during their treatment, and the 
loss continued in some, others remained stationary, and still 
others showed more or less gain. 

The remaining 326 animals, together with 16 supposedly nor- 
mal controls which had not been treated previously, were then 
infected subcutaneously in the right axilla with 0.2 cc. of an 
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emulsion of tubercle bacilli of human ori^ii, equal to 0.01 milli- 
gram. This dose, given subcutaneously, had been found to bi- 
virulent in preceding control-experiments, having caused death 
from tubereulofiia in guinea-pigs after an average of 66 days. 

Ten of tlie previously treated animals were now set aside in 
order to serve for "treated" controls: leaving 316 priacipals 
for further treatment; our observations were made therefore 
on 31G principals, 10 treated controls which had received three 
doses of vaccine each, and 16 untreated controls. Of the 316 
principals we lack autopsies for six, the animals having l>een 
lofit. In order to show the subsequent behavior to infection 
and treatment, we give the autopsy results of the remaining 
310 principals and the 26 controls, as their deaths occurred 
after infection, and before and subsequently to each dose of 
vaccine. The descriptions of the lesions refer to those found 
in internal oi^ans ; these lesions were controlled by the examina- 
tion of smears and sections, and frequently by positive culture- 
ex perimeuts in cases of pseudo lesions. 



IS principals and S treated controla died, 1 to 3 daya after infeution, 
and before further treatment was given. 

pRIHCIPiLS ; 

MaCTOBCOpic leeionH; old genuine tuberculDHis 9 

Macroscopic legiona; old genuine and pBeado-tDbercnlo^ S 

Focal reactions onlj ■■■.. S 

Pseudo-tuborculoaiii only 1 

Pseudo- tubercnloaiB and pneumonia 1 

The infection site was not found 13 



The regional lymph glanda ivoro Dornial i 



all. 



Macroscopic lesiona; old genuine tubercnloais 

MaeroHCopic lesions; old genuine and pseudo lesions.. 
Focal reactions onij 



The infection site was not found 

The infection site was bemorrhagic 

The infection site was congested 

The regional Ijrniph glands were normal in alL 

Focal reactions were noted in all animata with genuine tuberculosis. 
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After the first dose of vaccine: 46 principals and no controls died be- 
tween 5 and 10 days after onr inf eetion. 

Macroscopic lesions; old genuine tuberculosis only 36 

Macroscopic lesions; old genuine and pseudo-tuberculosis 3 

Focal reactions only 5 

Pseudo-tuberculosis only 1 

Pseudo-tuberculosis and peritonitis 1 

The infection site was not found 31 

The infection site was congested 14 

The infection site was hemorrhagic 1 

The regional lymph glands were enlarged, 2-3 mm 35 

The regional lymph glands were not enlarged 11 

Focal reactions were noted in all animals with genuine lesions. 

After the second dose of vaccine: 24 principals and no controls died be- 
tween 11 and 17 days after our infection. 

Macroscopic lesions; old genuine tuberculosis 14 

Macroscopic lesions; old genuine and pseudo-tuberculosis 3 

Focal reactions only 3 

Pseudo-lesions only 3 

Apparently normal animals ^ 1 

The infection site was not found 13 

The infection site was congested 9 

The infection site was caseous 2 

The regional lymph glands were not enlarged 1 

The regional lymph glands were enlarged 21 

The regional lymph glands were caseous 2 

Focal reactions were noted in all animals with genuine lesions. 

After the third dose of vaccine: 23 principals and 3 controls died be- 
tween 18 and 23 days after our infection. 

Principals : 

Recent genuine lesions 8 

Recent and old genuine lesions 6 

Old genuine lesions only 4 

Old genuine and pseudo lesions 3 

Pseudo lesions only 2 

^Smears from antiformin residue and sections of the apparently normal 
spleen showed tubercle bacilli and tubercles; infection site and regional 
lymph glands were normal. 
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The infection site was not found 8 

The infection site was oongeeted 10 

The infection site was caseous 7 

The regional lymph gtanas were not enlarged 3 

The regional Ijmph glands were enlarged 16 

The regional lymph glands were caseous * 

Focal reactions were observed in IS of the 21 animalH with genuine 
ledons. 
C0HTBOL6 : 

No. I not treated. Infection sito caseous; regional lymph gUnda 

caaeoua; paeu Jo- tuberculosis of lung. 
No. 2 treated. Infection site caseous; regional lymph gittnda caaeoua; 

genuine old lesions and pseudo lesions- 
No. 3 treated. Infection site congested; regional lympli glands en- 
larged. No apparent cause for death. 

After the fourth dose of vaccine: 10 principals and 1 control died be- 
ttreen 27 and 31 daya after our infection. 

Principals x 

Becent genuine and pseudo lesions 1 

Old genuine lesions 3 

Old genuine and pseudo lesions ; 5 

Pseudo lesions only 1 

The infection site was caseous 10 

Regional lymph glands easeous fl 

Regional lymph glanda enlarged 1 

Focal reoetion in 1 animal with old genuine lesions. 

COHTBOLS : 

1 treated control; old and recent genuine lesions; infection 8it« eaae- 
ous; regional lymph glanda caseous. 

After the afth dote of vaccine: 8 principals and 2 controls died between 
32 and 30 days after our infection. 

PsiNCiPALS: 

Genuine recent lesions only S 

Qenuine recent and pseudo lesiDns S 

Genuine recent and old lesions S 

Genuine old and pseudo lesions 1 

Paeudo lesions only ., 1 

Infection site caseous in 8 

Regional lymph glands csseous in 8 

No focal reactions were noted. 
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GbNTBOLS: 

1 tmtreated control. Genuine recent and pseudo lesions; infection site 
caseous; regional lymph glands caseous. No apparent cause for 
death. 

1 treated control; infection site caseous; regional lymph glands case- 
ous. No apparent cause for death. 

After the sixth dose of vcuidne: 17 principals and 2 controls died be- 
tween 40 and 45 days after our infection. 

PaiNGiPALS : 

(Genuine, only recent lesions found 7 

Genuine, old and recent, and pseudo lesions 2 

Genuine, old and recent, no pseudo lesions 7 

Pseudo lesions only 1 

Infection site not found 7 

Infection site caseous 10 

Regional lymph glands not found 3 

Regional lymph glands enlarged, soft 2 

Regional lymph glands enlarged, hard 3 

Regional lymph glands caseous 11 

No focal reactions were noted. 

CONTBOLS : 

1 treated control. Infection site caseous; regional lymph glands 

fibrous; old and recent genuine lesions. 
1 untreated control. Infection site caseous; regional lymph glands 

caseous; genuine generalized tuberculosis and pseudo lesions in liver 

and spleen. 

After the seventh dose of vaccine: 41 principals and 2 controls died be- 
tween 45 and 52 days after our infection.* 

Pbingipai^ : 

Caseous and pseudo lesions 2 

(Genuine non-caseous and caseous lesions 5 

(Genuine non-caseous lesions only 17 

Genuine non-caseous and pseudo lesions 11 

Genuine fibrous lesions only 2 

(Genuine fibrous and pseudo lesions 1 

Lymph gland tbc. only; internal organs free except pseudo 3 

Infection site, open ulcer 4 

Infection site caseous 34 

'It was impossible to differentiate between old and recent tuberculous 
lesions in these and the subsequent autopsies. 
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Infection sit* caseoua encapsulateil 

Infection site fibrous 1 

Infection site not foiinii 1 

Begional lymph glands eamauB 10 

Begionul Ijmph glan{le flbrocaseouB 13 

Regional lymph glands fibrous B 

Begionol lymph glands not enlarged S 

No focal reactiona were noted. 

CoNTBOLS : 2 untreated controls. 

No. 1. Infection site caseoua; regional lymph glands eaaeoua; genuine 

generalized miliar; and caaeoiia leaions. 
No. 2. Infection aite caseoua; regional lymph glands caseous; genuine 

miliary and caseoua tuberculosis; pseudo lesions in liver. 



After tkt eighth doiB of vaccine: 39 principals and ^ untreated controls 
died between 52 and 60 days after our infection. 

Pbihcifalb: 

Genuine caseous and non-caseous lesions 4 

Genuine caseous and fibrous lesions 2 

Genuine noncaseoua only 8 

Genuine non-caeeous and pseuilo lesions 8 

Genuine non-caseous and fibroua leaions 18 

Genuine non-cascous and fibrous and pseudo lesions 4 

Genuine fibrous lesions only 1 

Genuine fibrous and paeudo lesions 1 

Lymph gland tbc, only ; intern, organs free except pKudo 1 

Infection aite, open ulcer 6 

Infection site, caseous 

Infection site, caseous encapsulated S ] 

Infection site, healed scar 

Infection site, fibrous tbickening 

Regional lymph glands caseous 

Regional lymph glands fibrocaseous IS 

Regional lymph glands fibrous 18 

No focal reactions were noted. 

Covnais: 3 nntraftted controls. 

No. 1. Infection site caseous; regional lymph glands caseous; non- 
caseous and pseudo lesions; lived 63 days. Miliary tubercutosi*. 

No. S. Infection site caseous; regional lymph glands caseous; caaeout 
and non-caseous lesions; bved 63 days. Generaliiod tuberculosis. 

No. 3. Infection site caseous; regional lympli glands caseous; non- I 
caseous lesions. Lived 66 days. Generalized tuberculosis. 
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After the ninth dose of vaccine: 35 principals and 5 untreated eontrolB 
died between 66 and 75 days after our infection. 

Pbincipals : 

Genuine caseous and non-caseous lesions 1 

Genuine caseous and librous lesions 4 

Genuine caseous, fibrous and pseudo lesions 2 

Genuine non-caseous and pseudo lesions 2 

(Genuine non-caseous and fibrous lesions 4 

Genuine non-caseous, fibrous and pseudo lesions 4 

Genuine fibrous lesions only 3 

Genuine fibrous and pseudo lesions 7 

"Reg, lymph gland tbc. only ; internal organs free 5 

Beg. lymph gland tbc. only; internal organs pseudo 1 

No tuberculosis; no pseudo 2 

Infection site, open ulcer 8 

Infection site, caseous 16 

Infection site, caseous encapsulated 6 

Infection site, encapsulated fibrous thickening 2 

Infection site, scar 1 

Infection site, not found 2 

Regional lymph glands caseous 2 

Regional lymph glands fibrocaseous 8 

Regional lymph glands fibrous 24 

Regional lymph glands not found 1 

No focal reactions were noted. 

CONTBOLS (5 untreated) : 

Infection site caseous 5 

Regional lymph glands caseous 5 

Non-caseous and caseous lesions; no pseudo 3 

Non-caseous and caseous lesions ; pseudo 1 

Non-caseous lesions only miliary 1 

After the tenth dose of vaccine: 15 principals and no controls died be- 
tween 75 and 81 days after our infection. 

Principals : 

Genuine caseous and fibrous lesions 3 

Genuine fibrous lesions only 2 

Genuine fibrous and pseudo lesions 4 

Genuine non-caseous and fibrous lesions 2 

Lymph gland tbc. only; internal organs free 4 

Infection site, open ulcer 1 

Infection site, caseous 5 
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Infection site, caaeoua encapsulated 

Infection site, scar 

Infection sit*, not found 

Regional lymph glands BbrocaBeous I i 

Kegional Ijmph glands fibrous 13 

No focal reaction E were noted. 

After the eleventh dose of vaccine: 15 principals nnd the lust 3 untreated 
controls died between SI and 91 daya after our infection. 

pRIHClPAIf : 

Genuine fibrous, caseous and noncaeeouB lesloua . . 3 

Genuine non^caseous lesions onlj 

Genuine fibrous lesions only 

Genuine fibrous and pseudo lesions 

Regional lymph gland tuberculosis only 

No genuine iesionsj only pseudo lesions 

Infection rite, open ulcer 

Infection site, caseous 

Infection site, caseous encapsulated 

Infection site, not found 

Begional l^mph glands caMOUS 

Regional lymph glands flbrocaseouB 

Regional lymph glands fibrous 

Regional lymph glands not found . . 

No focal reactions nere noted. 



Nob. 1 and 2, Infection sites caseous; regional lymph glands caseoai 
genuine caseous nnd noncaseous lesions in both, tieneraliied tbe. 

No. 3. Infection site, open ulcer; regional lymph glands caseous; eaae* 
ous and non-caseous lesions. Generalized the. 

After Ihe twelfth dote of vaccine: 5 principals died betneen 91 and 97 
days after oar infection. 

PumClPAIxS: 

Genuine noncascous and pseudo lesions. 8 

Genuine fibrous lesions only 8 j 

No genuine, only pseudo lesions 1 

Infection site, open ulcer 3 I 

Infection site, caseous 

Infection site, fibrous soar 
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Regional lymph glands fibrocaseoos 2 

Regional lymph glands fibrous 3 

No focal reactions were noted. 

GoNTBOLS are all dead. 

After the thirteenth dose of vticcine: the last 18 principals were killed 
100 days after our infection. 

Principals : 

Genuine non-caseous and fibrous lesions 4 

Genuine fibrous lesions only 7 

No genuine lesions 2 

No genuine lesions, only pseudo 2 

Regional lymph gland tbc. only 3 

Infection site, open ulcer 2 

Infection site, caseous 3 

Infection site, scar 4 

Infection site, not found 9 

Regional lymph glands fibrocaseous 3 

Regional lymph glands fibrous 13 

Regional lymph glands not found 2 

No focal reactions were noted. 



RESUME 

In this series 326 animals are to be considered, an unknown 
number of which had acquired a spontaneous infection with 
tubercle bacilli, and all of which had received three doses of 
vaccine before our infections were made. Of the 326 animals, 
10 were set aside for controls; 316 were treated further, 6 of 
them were lost, leaving 310 to be accounted for. Sixteen sup- 
posedly normal guinea-pigs were added, to serve as untreated 
controls. 

In 20 of the animals the relation of our infections to death, 
which followed in the course of 1 to 3 days, is of peculiar inter- 
est in that 18 showed focal reactions in their tuberculous lesions, 
apparently as a result of the superinfection, similarly as we 
observed them in animals dead of toxemia after the administra- 
tion of the vaccine. The relation of the superinfection is sup- 
ported by the fact that no deaths had occurred for nearly two 
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weeks prior to infection, and further by our obsorvatious that 
the number of deaths always increased promptly after a uew 
dose of vaccine was admin is tered. Another iutereatiug feature 
in connei'tion with these deaths was that animals whieJi had 
only pseudo iosious appeared to have been subject to a like un- 
favorable influence from the action of the vaccine, and finally 
that, in the large majority of the principals and also in some 
o£ the controls, the extent of disease found was comparatively 
slight and that, judging froin our former experiences with in- 
fections of previously normal animals, the macroscopic appear- 
ance of the lesions found was rarely sufficient to justify the as- 
sumption that death vtbs due directly to the lesions found in 
these treated animals. 

With only few exceptions, both smears and sections were 
made of the lesions found at autopsy and the classification of 
the lesions is based upon the result of their examination. 

The fatal effects observed upon tuberculous animals, from Ihe 
subcutaneous administration of one to three miUigrams of our 
vaccine (whereas 500 mgr. of old tubei-culin are necessary to 
produce similar results), serve to illustrate the difference of 
action of potency between preparations made from eulture-media 
and those which contain the body-extractives of the tuberde . 
bacillus. 

Pocal reactions were noted in genuine lesions up to 18 da^ 1 
after infection ; then they became less frequent, and none were 
found later than the 31st day. 

The first evidences of fibrosis made their appearance 40 days 
after infection, including one treated control; they appeared 
first in regional lymph glands, then they became manifest in 
the infection sites, and also in internal organs. 

Commencing with tlie 66th day after infection, which corre- 
sponds with the average lethal effect of the culture in the dose 
administered, the infection sites began to bt' obliterated; the 
regional lymph glands were not always found ; ea.seous lymph 
gland -tuberculosis then came to be noted only occasionally; the 
principals no longer showed active pn^ressive lesions in their 



Of 168 treated animals which died or were killed between 45 
and 100 days after infection, there were 35 in which the genu- 
ine lesions of internal organs, found at autopsy, were fibrous; 
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17 whose intei'ual organs were free from genuine tubercle ; and 8 
wiliiout lesions, tlie animals having entirely resisted or overcome 
our iufeetions. The lasl 12 controls which came to autopsy dur- 
ing this period all had died of gt?nuiue tuberculosis. It would, 
therefore, seem that a favorable influence can justly be attrib- 
uted to the treatment in at least 60 instances, that is. in 35.7 per 
cent of tile animals which lived 45 days or longer, or were killed 
when all our pending experiments were terminated. In a 
number of other animals, in which caseation and recent 
tubercles were not found, a tendency to arrestment seemed to 
exist. 

We are of the opinion that better results would have been se- 
cured had we omitted our own infections and contented our- 
selves with dividing the animals into two groups, treating one- 
half of them with vaccine, and keeping an equal number without 
treatment, for i-omparison, since it had become evident that 
the great majority of these animals had actually incurred a 
genuine infection spontaneously before our infections were 
made. 

We also erred in giving too large doses of vaccine, especially 
at the beginning of the treatment, and lost in consequence a 
large number of the tuberculous animals from the Rffect« of focal 
reactions and consequent toxemia. As soon as circurastanceB are 
favorable, it is our intention to undertake further therapeutic 
experiments. It appears that the degree of success depends to 
a considerable extent upon the proper mode of procedure, which 
must be teamed by experience in like manner as in the treat- 
ment of human tuberculosis. 

In order to illustrate tiie primary localization of spontaneous 
infections in giiinea-pigs, a.s it was observed by us in our au- 
topsies, we append the details of a few of the protocols. 

PrMnttry tvberculotit of the tiing». Ouinea-pig No. 961. ReceiTed Oct. 
4, 1913; <lie<] Oct. 10, 191.S. Shows numerouB noijulea, ^ to 1 mm. in 
diameter, throughout both lungs. Nothing else abnornial, espeeiaJlj no 
enlareeineDt of auperfieial lymph glands or uf those in chest or abdomen. 
Smears from antiforinin residue of lung tissue show manj ai^id-fast rods; 
in seetiODs, typical tubercles with beginning caseation are found. No 
apparent cause of death. 

Primary tuberculofii of lung. Guinea-pig No. flSl, Beceived Sept. 29, 
1913; was given S mgr. of vaccine subcutanegusly Oct. 1; died Oct. S, 
1913. Autopsy : no apparent cause of death ; site of injection of vaccine 
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not found; abdominal contents apparently normal; lungs, right upper lob« 
deeply congested areas; no enlarged lymph glands; BinearB of antiformin 
reddiie of lung tiwue ahow at'id fast rods; Bections show typical tubor- 
eles. 

Frimars tubercalotia of lung. Focni reaction. Uuinea-pig No. fi53. Re- 
ceived Sept 2S, 1913; was given 2 mgr. of vaccine BUbcutaneouBly Oct 1; 
died Oct. 6, 1913. Autopsy slions do cause for death. Abdominal organs 
appear Dormal; upper portions of both lungs coutain many flbroeaseoiu 
areas, E-5 miu. in size, which are surrounded by lones of intense con- 
gestion. Bronchial glands enlarged, not caseous. Smears from lung lesions 
and broBCbial glands contain acid-fast rods; sections taken from lung tis- 
sue contain miliary and caseating tubercles. 

Primary tuberculotig of lung. Focal rcimtion. Paeudo-tuberculotU of 
liver and spleen. Guinea-pig No. 986. Eeceived Sept, 29, 1913 ; itaa given 
tB'o dosea of vaccine, each 3 mgr., subcutsJieously, Oct. 1 and 8; died Oct. 
15, 1913. Loss of weight 90 grams. Inguinal glands are enlarged, soft; 
mesenteric glands enlarged, S mm., hard. The liver contains several 
necrotic areas, 2-5 mm. ; spleen enlarged. Apex of right lung is full of 
caseating areas with peripheral hyperemia. Smears from liver, mesenteric 
glands, inguinal glands and spleen are negative as to acid-fast rods; tiuite 
from lung contain such rods. Sections taken from liver and spleen cod- 
tain no tubercles; those from lungs contain breaking-down tubercles. 

Primary tuba-cvlotit of Iv-ngt. Gulnen-pig No. 11.19, Received Sept 29, 
1913. Weight on Oct. 1, 1913, is 520 grama. Treated »ith three doaea 
of vaccine, 1 mgr. each, subeutanoously, between Oct. 1 and 15. Infected 
Oct 27, 1913, with 0.01 mgr. of virulent tnberele baciUi, subcutane- 
ously in right axilla. Weight 400 grams. After infection roeeived 
two further doses of vaccine, 1 mgr. each. Died Nov. 10, 1913; weight 250 

Autopsy sbows no apparent cause for death. Infection site not found; 
regional lymph glands enlarged, 3 mm, ; mesenteric glands enlarged, soft 
No macroBcopical lesions in abdominal organs. Lungs, a email patch of 
focal reaction in each apex. Smears: axillary glands and lungs, acid-fast 
rods; mesenteric glands negative. Sections taken from mesenleric glands. 
hyperplasia; axillary glands, round-cell infiltration; no tubercles. Lung: 
recent tubercles. 

Primary taberculoM of tunf. Guinea-pig No. 1195. Received Oct 4, 
1913; weight on Oct 9, 500 grams. Treated with two doses of vaccine, 1 
mgr. each, subcutaneously. On Oct. 27, weight 480 grams. Infected with 
0.01 mgr. of virulent tubercle bacilli, subcutaneously in right axilla; then 
treated with three doses of vaccine. Died Nov. 18, 1913; weight 330 grams. 

Autopsy shows no apparent cause for death. Infection site congested; 
regional lymph glands enlarged, soft; inguinal glands enlarged, 5 mm., 
hard; spleen 15 by 25 mm.; lungs, dense tuberculous infiltration in both 
apices; lower lobes congested. Smears: liver, mesenleric glands, nega- 
tive; infection site, right axillary glands and lungs, acid>fftst rods. Sec- 
tions taken from liver, doubtful tubercles and fibrosis; from 
glands and lungs, typical tubercles. 
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Primary abdtiminal tuberculotU; exieiiiion to lung; teith focal r- 
Guinea-pig No. 952. Received Sept. 29, 1913. Waa given 1 mgr. of vac- 
cine Bubeulaneously Oct. 1, 191.1; died Oct. 5, 1913. Autops;: no apparent 
causa of death. Omentum thickened, manj nodulea intenBet? congi^ited. 
Spleen enlarged, many nodules, 1 mm.; mesenteric glands enlarged, 5 mm.; 
lungs show small circumscribed ureas of intense congestion; thoracic glands 
not enlarged. Smears of antiformin residues from omentum, spleen, mesen- 
teric glands, lungs, show acid-fast rods; sections takon from lung show 
recent tubercles; from omentum, spleen and mesenteric glands, caseating 
and recent tubercles. 

Primary abdominal tuberculosis. Guinea-pig No. 1055. Received Oct- 
4, 1913. Was given three doses of vaccine, subcutaneously, 2 mgr. each, 
up Ut Oct. 10; infected Oct. 27. 1913, subcutaneously, with 0.01 mgr. of 
virulent tubercle bacilli. Weight on day of infection, 320 grams; dim! 
Oct. 29, 1913; weight 230 grams. 

Autopsy: No apparent cause of death. Infection site congested; regional 
lymph glands slightly enlarged; mesenteric glands enlarged, 3 mm.; the 
mesentery and a loop of intestine congested. Spleen shows many miliary 
nodnles; all other organs and contents of thoracic cavity are normal in 
appearance. Smears from spleen and mesenteric gland show acid -fast 
rods; sections taken from spleen contain typical tubercles. 

Pnmarn tnberculoti* of inguinal fflands. Piieudo-tuber<^o^ of liver 
and lung. Guinea-pig No. 1I3S. Received Sept. 29, 1913. Was given 
three doses of vaccine subcutaneously, .1 mgr. each, between Oct. 1 and 13, 
1913. Infected Oct 2T, 1913 subcutaneously, in right axUla, with 0.01 
mgr. of virulent tubercle bacilli Weight 410 grams. Received one 
further dose of vaccinu, 3 mgr., Oct. 30. Died Nov. 2, 1913. Weight 360 

Autopsy ihons no cause of death. Infection sit« congested ; regional 
lymph glands enlarged, 3 mm., soft; inguinal glands congested, 3 mm. The 
peritoneal cavity contains one cubic centimeter of bloody serum; adhesions 
between diaphragm and liver; mesenteric glands enlarged, 3-4 mm., soft. 
The liver contains two nodules, 2 3 mm., apparently caseous. Lungs con- 
tain several small areas of pneumonic infiltration; no enlarged thoracic 
glands are found. Smears from liver and mesenteric glamls are negative; 
those from inguinal glands contain acid-fast rods. Sections taken from 
lung show peribronchial and perivascular infiltration; from liver, fibrosis 
with necrotic center, no tubercles; from axillary glands, round-cell inSltra- 
tion, no tubercles; from inguinal glands, typical tubercles, some of them 
caseating. 

Primary abdominal tiibercutosui. Fgeudo-tubercnlogii of liver. Guinea- 
pig No. 975. Received Sept. 39, 1913; died Oct. 13, 1913. No apparent 
cause of death. Inguinal glands enlarged, 2 mm. Peritoneum congested; 
omentum thickened; liver, few hard nodules on surface; spleen enlarged; 
mesenteric glands enlarged, 3 mm.; left lung, pneumonic area in base; 
thoracic glands normal. Smears of antiformin residues from spleen, mesen- 
teric and inguinal glands, and pneumonic lung tissue show acid-fast rods; 
liver negative. Sections taken from spleen and pneumonic lung contain 
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tjpical tubercles; liver negative as to tuborcles. It appears that this ani- 
mal acquired a later, indepeDiient infection of the left lung. 

The following autopny illustrates the results of our own in- 
fection in a guinea-pig which had pseudo-tuberculosis of tiie 
liver and spleen: 

Guinea-pig No. 1651. Received Sept. 29, 1913. Weight 600 
grams. Treated with three doses of vaccine, 2 mgr. each, subcu- 
taneously, from Oct. 1 to 15, 1913. Weight 430 grams. In- 
fected Oct. 27, 191it, with 0.01 mgi-. of virulent lubercle baeilli, 
fiubcu taneously in the right axilla. Weight 500 grams. After 
infection, treated with four doses of vaccine ; died Nov. 25, 1913. 
Weight 330 grams. 

Autopsy shows infection site 10 mm., caseous; regional lymph 
glands 10 mm., caseous; mesenteric glands, 15 mm., soft; spleen 
and liver full of miliary nodules; all other organs apparently 
normal. Smears from infection site and right axillary gJauds 
show acid-fast rods; mesenteric glands, liver and spleen nega- 
tive. In sections taken from liver, spleen and mesenteric glands 
no tubercles are found. 



Although we lost, or found to be unsuitable, a large number 
of guinea-pigs in the course of our experimentations, we have 
persisted in tliese studies in oi-der to discover the related cause 
of the difificulties which we encountered after having had uiu- 
form success for over two years. The results which we have 
again observed under the difKcultiea which existed, and de- 
scribed, appeiir to us sufficiently numerous and controlled to 
show that our early observations can be duplicated in uormal 
animals with a suitable specific vaccine; likewise that, in case 
of failure, the cause need not lie in the lack of efficiency on 
the part of the vaccine. The relation of pseu do- tuberculosis 
to the failures was strikingly apparent in the animals used for 
treatment in the laboratory of Sir A. E. Wright, in Londcm 
and many of them died during treatment, or their sera failed 
to comply with our standard in complement-fixation and in 
bacteriolytic tests; but for the good fortune of finding a lim 
ited number of normal animals for the baclpricidal experiments 
with sera taken after vaccination, the results would have l>cen 
left sufficiently in doubt to require a i-epetition of the work. 



THERAPEUTIC EXPERIMENTS ^l 

We consider the destruction of virulence of tubercle bacilli by 
subjecting them to the action of an active immune serum in vitro, 
taken after the administration of a single dose of vaccine, as the 
nearest approach to a human experiment and as of deciding 
value in so far as animal experiment can replace it, or as it may 
dupport the results of clinical observations. 
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Abortion^ in tuberculous women^ 33 
AbsccBBy at site of injection, rela- 
tion of T. B.-fats to, 129 
Acne, relation of toxemia to, 225 
Adolescence delayed, relation of 

toxemia to, 225 
Agglutination, 79 

Agglutinins, disappearance of, tem- 
porary, during acute fever of 
associated infections, 241 
in sera of newborn babies, 31 
influence of specific treatment on, 
81 
Aggressins, 38, 42, 52, 64 
Air-infection, 52 

Alcohol, in treatment of . tuberculo- 
sis, 232 
Alcoholism, a predisposing factor, 12 
Alexins of Buchner (see aUo Com- 
plement), 67 
Alkalinity of blood, a factor in re- 
sistance to infection, 60 
influence of specific treatment, 
344 
Allergy, period of establishment of, 

47 
Amboceptor, 69, 91 
bacteriolytic, reactivation, 93 

relation to fever, 229 
complement-binding action not 
identical with bacteriolytic 
action, 92 
demonstration by complement-fixa- 
tion test, significance of, 99 
in sera of newborn babies, 33 
in sera of persons not treated spe- 
cifically, 101 
origin of, 109 
receptor of the third order, 109 



Amboceptor, specific for T. B.; dis- 
appears temporarily during 
acute associated infeetionsy 
240 
Anaphylaxis, 260 

serum-, 236 
Anemia, toxemia relation, 225 
Animal experiments, with Watery 
Extract of T. B., 124 
failure of, sources of, 384 
value, 383 
Animal inoculation, diagnostic, 334 
Antibacterial substances, origin of 

(see also Antibodies), 78 
Antibodies, after prophylactie vac- 
cination, 301 
cyclical appearance in blood, 380 
definition of (see also Agglutin- 
ins, Amboceptors, Opsonins, 
Precipitins), 78 
free receptors in tissue-fluids, 108 
in blood of newborn, 31 
normal, 78 
quantitative differences in blood 

of mother and baby, 40 
specific, disappearance of, from 
blood. 111 
form in response to infection, 79 
transmission of, placental, 33, 103 
unity, 78 (footnote) 
Antibody, specific, thermolabile 
(postulated) of ferment-na- 
ture, 301 
Antigen, body- substances of T. B., 
118 
definition of, 78, 260 
importance of complete, in solu- 
tion, 119 
in Wassennann reaction, not spe- 
cific, 100 
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Antigen, Old Tuberculin not as 

good as, for complement- fix- 
ation test, 97 (footnote) 
soluble, superior to corpuKular, 

111 
T, B. emulsions; not all show tike 
antigenic properties, 105 

Anti-Phymatol, 116 

Antitoxin, 74 

the antibody of toxin, 108 

Antitubereulin, 97 

Arloiag & Courmont, agglutination 
test of, 81 

"A&sanation" of tuberculous fami- 
lies (Petrusehkj), 134 

Auscultation, 143 

Auto -immunization, 86, 277 

Auto- inoculation. See Auto-immuni- 
zation. 

Autopsy-proof of bealing, 210 

Autoserothorapy, 234 

Bacillua, abortus Bang. 317 
Emulsion of T. B. causes local 
necrosis in eCt active doses, 
128 
of pseu do -tuberculosis of rodents 
(PfeJfEer), 315 
Bacleria, attenuation of, by pas- 
sage, 118 
cause disease by intoxication or 

by meeiiBnical injury, 45 
pathogenic, two kinds, 15 
Bacterial origin of disease, influ- 
ence on medical thought, 
SS 
Bactericidal BCtion of blood and tds- 
Bue-fluids, S2 
experiment, 343 ff. 

summary of results of, 376 
tables of, 352-375 
Bacteriocidin, 88 

antibody to endotoxin, 88 
Immoral, 69 
leueooytary, 6B 
Bacteriolysins, antibodies to endo- 
toxins, 75, 88 
nonnal, relation to endolysins, 



Bacteriolysis, 75 
a process of digestion, 91 
Bordet's explanation, 90 
Rhrlich's explanation, 91, 108 
in vitro, degree correspond* with 
titer of complement- fixation 
test, 381 
of T. B. denied, 92 

through action of fresh im- 
mune serum, 304 
in vwo (Pfeiffer's Phenomenon), 

88 
Metchnikoff 's explanation, 90 
not identical with fixation of com' 

plement, 92 
not possible with inactivated se- 
rum, 301 
reading of slides, 347 (foatwOe) 
"shadows" of T. B., 91 
Bacleriotropie gubstaocee, origin of, 
64 
relation of, to opsonins, 84 
Bait. See Aggressins. 
Baumgarten's theory of congenital 

infection, 39 
Berlin Tuberculosis Congress, 6 
Hiocbcmical theory of immunity, 60 
Biological reactions, tnechaniim of| 

76 
Blind-adder T. B, for i m nm ni ation, 

118 
Blood, transfusion of goat's, B34 
Blood -alkalinity. (See Alkalini^.) 
Body-weight See Weight 
Bordet & Oengou, complement- fixa- 
tion reaction, 96 
Bovovacein, 116 

British Congress on Tuberoalcnii, S 
Bucliner's alexins, 67 
humoral tlieory, 61 



scognition of, 217 
Cniarrbal signs, evidence of focal 
reaction, 219 
jQ. Cattle, immunization in, 116, 303, 

405 
B5 Cavity, draining of, 219 
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Cough, 220 






increaBes by focal reaction, 251 




antigen in solution in, S7 


CrPOsote, 50, 228 




deterioration of, 300 


Crofton, W. M., prophylactic vac- 
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Danger to eummunity from tubarcu- 
losia-institiitione, 9 

Death from toxemia, 312, 350 

DofenBive prov-igions against infec- 
tion, 52 

DiBgnoBis, Hgglutiiiation in, 81 
anim&l experiment in, 334 
general conHidcrationB of, 142 S. 
specific, complement- fixation test 
in, 102 
tuberculin testa in, ISl ff. 
vaccine in, 150 

Diarrhea, toxemia relation, 227 

Dietetic -hygienic treatment, 57, 271, 
273, 280 

Digestion, intracellular, of foreign 
elementa, 63, 66 

Digestive disturbances, toxemia re- 
lation, 225 

DiphtUeria antitoxin in blood of 
newborn, 103 

Diphtheria toxin, 74 

Disease not neeesRary for produc- 
tion of antibodies, 79 

Dose. See Tuberculin, dose; Vac- 
Droplet infection, 17 

Dust infection, 17 

Education, in praphjlaiia, 4 

overdrawn teachings, 10 
Ehrlich, aidechain theory of, 90, 
106 

EuJolysins, 65 

Endotoxins, 74 

England, tuberculosis mortality re- 
dueed in, 7, 14 

Environment, a predisposing factor, 
12 

Errors in experiments, from pseudo- 
tuberculosis, 320 

Ether, infiuencc of, on fever, 231 

Examination, physical, 142, 212 
interpretation of results in, 145 
purpose of, 223 

Exercise, advocated by Sydenham 
and Benjamin Rush, 277 
gradcil work in, 278 



ing process, 277 
Uxhauation theory of immunity. Pas 

teur, 61 
Exotoxin, 74 
Kxpectoratiou, increased by focal 

reaction, 251 

Experiment, human, 383 {fc»tnoU) 

Experimental studies, 263 

Experimenta, active immanixation, 

discussion of reaulta, 385 

conditions differ from those of 

clinic, li (^Prefaot) 
errors due to pseudO'tubereuloais, 

311, 320 
guided by standard in comple- 
ment-fixation, 347 
liindered by difficnltics in com- 
plement-fixation, 308 
on guinea-pigs, pseudo- tuberculo- 
sis, 320 
on rabbits, active immunication, 

404 
question of contaminated cultures, 

341, 350 
require clinical confirmation, xii 

(Preface) 
therapeutic, in guinea- pigs, 406 

Face- mask, 19 

Family exposure to infcotion, 20 
Fans, coughing, 19 
Fatigue, toxemia relation, 225 
Fata of T, B. See Lipoids. 
Ferment- action, in development of 
immunity, 238 
of secretion -products of T. B., SOS 
Fetus, immunity of, 33 

tuberculosis in, 33 
Fever, a defense of the orguiam, 
173 
iluo to extra-pulmonary tuberen- 

lous lesions, 218 
due to n on tuberculous oompliea- 

tiona. 218 
in aasociated infections, 239 
in tuberculosis, 147 
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Fever, in tuberculosiB, causes of, 229 
contraindication to specific 

treatment, 213 
disappears after draining of 

cavity, 279 
due to absorption of specific 

substances, 232 
guide for administration of spe- 
cific remedies, 256 
influence of lipoids in, 231 
influence of rest in, 232 
lack of partial amboceptors in, 

233 
relation of, to caseous soften- 
ing, 217 
to toxemia, 227 
toxic, disappears in terminal 

cases, 279 
treatment of, historical notes, 
227 
not harmful in itself, 173 
Fever-reactions, 127 
danger of, 256 
in experiments, 173 
necessary for production of anti- 
bodies, 173 
Fibrocaseous foci, recognition of, 

216 
Fixatewr (amboceptor), 90 
Focal reaction, 174, 251 ff. 
Food infection, 52 
Frimley sanatorium, method of ' ' au- 
to-inoculation, ' ' 86, 278 

Germicidal remedies, 228 

Giant cells, secretion of antibacte- 
rial substances by, 63 

Giftfestigvng, 170 

Goat's blood, transfusion of, 234 

Goats, experiments with immune 
serum from, 235 

Qruber-Widal test of agglutination, 
80 

Guaiacol, 228 

Guide for resistance to experiment- 
al infection, 103, 207, 303, 
382 
advantages of, 304 



Guineapig, as experimental animal 
in tuberculosis studies, 312 

course of tuberculosis in, same as 
in humans, 41 

epidemic in laboratory stock, 331 

epidemiological infection in, 330 
localization of, 417 

individual differences in resist- 
ance in, 50, 333, 340 

infection may be resisted by, 47 

natural infection in, 333 

pseudo-tuberculosis in, 315 ff. 

spontaneous genuine, tuberculosis 
in, 312, 322 
healing of, 50 
v. Pirquet test for, 267 

suitability of, for tuberculosis- 
studies denied, 323 

therapeutic experiment in, 406 

tuberculosis aggravated by asso- 
ciated infections, 41 

value of, for diagnostic experi- 
ments, 334 

Ilaptophore group of toxin, 107 
Headache, relation of, to toxemia, 225 
Healed lesions, findings of, in au- 
topsy in non-tuberculous sub- 
jects, 263 
in young children, 201 
Healing, autopsy proof of, 210 

depends on specific resistance, 151 
Heart, functional disturbances of, 

relation of, toxemia to, 225 
Hematuria, focal reaction in renal 

tuberculosis, 255 
Hemolysins, 75, 90 
spontaneous, 105 
Hemolysis, 69, 75, 89 
analogies to bacteriolysis, 90 
Ehrlich's explanation of, 108 
Hemorrhage at injectionsite of vac- 
cine in tuberculous guinea- 
pigs, 313 
Heredity, experiments on animals 
in, 30 
influence of, on prognosis, 30 
of disease, 53 
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Immanization •promotes natural 
healing, 137 
proof of BUCceesfuL See Guide, 
prophylactic, historical, 115 
spontaneous, 112, 136 
stimulates bacteriolysis, 229 
with body-substances of T. B., 

118 
with Uving T. R, 116 
with T. B. after exposure to lym- 
phoid tissue, 118 
with tuberculin, 115, 116 
Improvement, relation of, to focal 

reaction, 162 
Inbreeding promotes racial immu- 
nity, 27 
Incubation period of infection, 46 
Indian, want of resistance in, 28, 

29 
Infants, frequency of infection in, 
21 
healed lesions in, 153 
inf requency of manifest tubercu- 
losis in, 33 
tuberculosis mortality high in, 
152 
Infection, air, 52 
associated. See Mixed Infection, 
bacteria, number of, 46, 275 
congenital, 39 
danger of children to, 20 
definition of, 45 
direct exposure to, 18 
food, 52 

in infants, in tuberculous fami- 
nes, 20 
in school children, 22 
incubation-period of, 46 
intra-uterine, 38 
latency of, 25, 39, 81, 275 
congenital immunity, 39 
mode of, 52 
not the only factor in etiology of 

tuberculosis, 3 
preventive measures by education 

against) 4, 10 
resistance to, 46, 48 ff., 274 
virulence of, 46, 275 



Infectious diseases, frequency and 
severity of, diminishes in 
course of centuries, 29 
Inoculation, prophylactic, 71 
Inquiry on value of vaccine, 139, 

281, 397 
Insurance, workingmen 's, 6 
Intermarriage promotes raciid im- 
munity, 27 
International Central Committee, 8 
Intoxication, tuberculous. See Tox- 
emia. 
Intrafocal injection of vaccine, 247 
Intravenous injection of vaccine, 

148 
Isolation, most effective measure of 
prophylaxis, 17 
not feasible in tuberculosis pro- 
phylaxis, 25 

Jenner, Edward, originator of vac- 
cination, 72 
Jews, racial resistance of, 27 

Knee-joint tuberculosis, case report, 
270 

Koch's lymph, difference of, from 
Old Tuberculin, 164 (foot- 
note) 

Laboratory results subject to clini- 
cal confirmation, 44 
Jjarynx tuberculosis, focal reactions 

in, 254 
Latent tuberculosis, 25, 81 
Lepra, immunization against, 128 
Leucocytary bactericidins, 69 
Leucocytes, carriers of bacteria, 62 

function of, 66 
Leucocytosis, 64 

Ligue (French) against tuberculo- 
sis, 4 
Lipoids of T. B., immunizing action 
of, may be due to admixture 
of proteins, 129, 289, 296 
importance of, for immunization, 

128 
influence of, on fever, 231 
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London Tuberculosii CongrBBi, 6 

I.ung, compresBioD of, 166, 232 
involved frequenOy in tuberculous 

chiJdren, 1B8 
pliyaicai signs in, interpretation, 
145 
Ljaph- glands, effect on, of vncci- 
mition, 193 S. 
enlargement of, a tiuuo-reaetioii 
to infection, 197 
bearing on dingnoBiB, 146, 194 
constitutes early stage of tub«r' 

culosis, 179, 195 
exaininntioD for, 144 
indicative of T. B.^infection 
(latent), 195 
tuberculosis of, differential diag' 
nosis of, 146 
Lymphoid tissue, bactericidal action 

of, 52, 118 
Lysis. See Bacteriolysis. 
Lytic experiments sbowing thermo- 
labile amboceptor, 94 

Mncrophagi, 64 

Marasmus, relation of, to toxemia, 

17B, 313 
Mask, See Face-mask. 
Metabolism, importance of, for re- 

sistuDce, 59 
Metcbnikofl, phagocytic theory of 

immunity of, 61 
Hicrophagi, 64 
Microscopical ezamiiistioii of leaioDS, 
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, 351 



Micturition, increased by focal re- 
action, 255 
Mililmay Convalescent Home, 6 
Miliary acute tuberculosis, not suit- 
able for specific treatment, 
211 
reoBon for negative tuberculin test 



Mixed Infection, S14, S39 ff., 240 
Mobilization of T. B. by tubercu- 
lin, 165 



Mortality, diminutioo of, in Eag- 
lao'l, 7, 14 
cITect of enisade on, questioned, 

13 
ill Germany, 16 
"normal," 13 
reduction of, in the future 
through crusade, 26 
Much's Partial Antigens, E0S, 298 
Mucin of T. B. culture, 119 
Mucous membrane, permeabili^ el, 

for T, B., 38, 62 
Munich Orphan Asylum, 21 

Naples Tuberculosis Congress, 6 
Nustin, 118, J28 

National Aasociation for the Study 
and Prevention of Tuberculo- 

Nccrosis. local, from BE in effec- 
tive doses, 122, 128 
Negative phase, S5, 132 
Negro, nant of resistance in, S8 
Nervous system, central, focal re- 
actions of, 256 
Neuralgia, relntion uf. to toxemia, 225 
Newborn, bear large doses of tubet- 
culin, 249 
iafrequency of manifest tubenil- 
losis in, 33 
Night-awoats, infrequent in patients I 
under speciDc treatment, 28T | 
relation of, to fever, 226 
to toxemia, 22S 
Nucleoprotein of T. B., 296 
Nutrition, bearing of, on dlagnoci^ I 
143 
determined on physical ( 

tion, 142 
inaulficieiit, a predisposiiig fttotor, I 
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Open-air life, Benjamin Rush on, 8 i 
Ojien lesions, signiflcauce of, 215 
Opsonic Index, 84 

curve of, inverse to that of pro- ] 
cipitins, 87 

raised by speeifle treatment, 8 
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OpsoninBy 83 
determination of, technie of, 84 
immnne, identical with ambocep- 
tor, 87 
normal, identical with comple- 
ment, 87 
relation of, to endolysins, 65 
origin of, 64 
■peeifie, 87 
thermolabile, 84 
thermostable, 84 
two kinds of, 87 (footnote) 
Orphanage, Baptist, Thomasville, N. 

C, 25, 140, 161 
Orerezertion, a predisposing factor, 
12 

Palpitation, relation of, to toxemia, 
225 

Panmixia, retards development of 
racial immunity, 27 

Parasites, 45 

Paratyphoid bacillus, a cause of 
peeudo- tuberculosis, 319 

Parenteral, definition of, 68 (foot- 
note) 

Paris Congress on Tuberculosis, 
1905, 12 

Partial antigens, 261, 285 ff. 
experiments with, discussion of, 
296 ff. 
tables, 290, 291 
of Much, 296 ff. 

Passiye immunization, 233 

Pasteur's exhaustion theory of im- 
munity, 61 

Paterson, M., auto-inoculation by 
graded work, 86, 278 

Penn^lvania Society for the Pre- 
vention of Tuberculosis, 7 

Percussion, 143 

Petruschky, "assanation" of tuber- 
culous families, 134 
on prophylactic vaccination, 121, 
133 

Pfeiffer's Bacillus of Psendo-Tuber- 
eulosis, 315 

Pfeiffer's Phenomenon, 68, 88 



Phagocytes, action of, by acid se- 
cretion, 65 
fixed, 64 
Phagocytic action of cells, 52 
index, 84 

theory of Metchnikoff, 61 
Phagocytosis, a function of natural 
resistance, 61 
acquired gradually, 62, 63 
definition of, 67 

of virulent bacteria, not identical 
with destruction, 70 
Phagolysis, 64, 90 
Phthisiophobia, 9 ff. 
Phthisis, acute, not suitable for spe- 
cific treatment, 211 
destructive stage of tuberculosis, 

56 
exciting causes of, 57 
heredity of, 53 

not amenable to specific treatment 
alone, 175 
Physical examination, discussion of 

signs, 215 
Physical signs in relation to specific 
treatment, 215 
accentuated during focal reaction, 

252 
influence of vaccination on, 197 
Pirquet, Von, tuberculin test, may 
be induced by passive trans- 
mission of immunity, 48 
(footnote) 
in tuberculous guinea-pigs, 267 
significance of, 151 
Placenta, permeability for T. B., 38 
Placental transmission of anti- 
bodies, 31 
of T. B., 38 
Plasma substances, leucoeytary bac- 

tericidins, 69 
Pleural irritation, as a sign of case- 
ous softening, 220 
Pneumonia, "injection-,'' 164 
Pneumothorax, artifidaL See Lung- 
Compression. 
Positive Phase, relation of, to in- 
terval between doses, 132 
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(Pfeiffer), 315 




distribution of, in laboratory 


Precipitinogen, 82 


Block, 404 
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of opsonin H, 87 


in rabbits, 315 


fonction of, S2 
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GHON: Thb Primakt Luno Focus op Tobkbculosis in 
Children. B; Anton Obon. u.d,, English TraxtBlation b; 
D. Bart; King, u.a., iij>. Edin., m.b.c.p., Assistant Physician 
to the Soyul Hospital for Diaeoses of tbc Chest. 
1B6 Pages. 72 Text Figures and 2 Plates $3.75 net. 

GILES: Anatout and PBYSioLoay op the Femau OehbUl- 
Tivt Oboans and of Pbeonancy. By Arthur E. Gilea, icj>., 
B.ac. Lond.p m.k.c.p. Loud. ; f.h.c.s. Ed. Gjneeologist to the 
Prince of Wales General Hospital, Tottenham, and Surgeon 
to the Chelsea Hospital for Women. 
Large 8to, 24 Pages, with Mannikin $1.50 net. 

60ULST0N: Gang Sugar and Heart Disease. By Arthur 
Goulston, U.K., u.D. Cantab. Hunterian Society 's Medallist, 
1B12. 8vo, Cloth, 107 Pages $2.00 net. 

OREEFF: Guidh to tbk Microscopic EsAumATtOH or the 
Ets. By Professor B. Greeff. Director of the UuiTeisit; 
Ophthalmic Clinique in the Boyal Charity Hospital, Berlin. 
With the cooperation of Professor Stock and Professor 
Winterst«iner. Translated from the third German Edition 
by Hugh Walker, m.d., m.b., cm. Ophthalmic Surgeon to 
the Victoria Infirmary, Glasgow. 
Large 8vo, Cloth, B6 Pages, Illustrated $2.00 net. 

HARRIS: Lectures on Medical Electricity to NnRasB, 
An Illustrated Manual by J. Delpratt Harris, M.D. Dnrh., 
M.B.C.S. Senior Surgeon and Honorary Medical Officer in 
charge of the Eleclriral Uepartment, Boyal Devon Hosp. 
12mo, Cloth, 8S Pages, Illugtrated tl.OO n«t. 

HELLMAN: AtiKESiA and Analoesia js Parturition — 
TwiLiaaT Sleep. By Alfred M. Hetlman, B.A., if.D., r,A.c.S. 
8vo, Cloth, with Chnrto, 200 Pages $1.50 net. 

HEWATT: Tub Examination or the Ubinb, and Other 
Clinical Side Boom Methods. By Andrew Fergus Hewatt, 

U.»,, CH.B., M.B.C.P. Edin. 

I6mo, 5th Edition, Numerous Illustrations $ .75 net. 

HOFMANNGARSON: Beuedlal Gymnastics for Heakt 
AprECTiONS. Used at Bad-Naulieini. Btiing a Translation 
o( "Die Gymnastik der HerEleidenden " von Dr. Med. Julius 
Hofmann und Dr. Med. Ludwig Pohlman. Berlin and Bad' 
Nauheim. By John George Oarson, u.D. Edin., etc. Physi- 
cian to the Sanatoria and Bad-Nanheim, Eversley, Hants. 
With 51 Full-page Illustrations and Diagrams. Large 8va 
Cloth, xvi+128 Pages ea.OO n«i 
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HOWARD: The THiniPZUTic Valub OI- THB Potato, By 
Hcalon C. Howard, l.b.c.p. Loud., m.b.c.s. Eur. 
8vo, Paper, vi+31 Paget, Illuatrated 50c 

JELLETT: A Short Pbacticb of MiDwirBBY tor NuasBB. 
EmbodTing the treatmeiit adopted in the Botunda HoBpital, 
Dublin. By Henry Jellett, b.a., M.d. (Dublin Univeraitf), 
f.R.C.p.t., Master Rotunda Hospital ; Extern Eittminer in 
Midwifery and Gynecology, Victoria UniverHity, Manchestor; 
Late King-'s ProfasBor of Midwifery; Unlversi^ of CubUn. 
With Six Plates and 169 IlluBtrationB in the Text, alto 
an Appendix, a Gtosaary of Medical Terms, and the Regu- 
latiODH of tbe Centra! Midwives Board. 
I2mo, Cloth, xvi+508 Pages $2.50 net. 

KENWOOD: Pubuo Health Labobatoby Wobk. By Henry 
R. Kennoo.l. H.B., k.k.k. K.lin., P.r.H., j'.c.s., Chadwick. 
ProfceeoT of Hygiene an<I Public Health, University of Lon- 
don; Medical Officer of Health and Pubiio Analyst for the 
Metropolitan Borough of Stoko Ncvrington: Examiner in 
Public Health to the Royal College of Physicians and 
Surgeons, London, etc. 
6th Edition, 8vo, Cloth, 418 Pages, Illustrated 34.00 net. 

KEKLEY: What Evbht Motheb Should Know About Hkb 
Infants and Yoono Cuildbem. By Charles Oilmore Kerley, 
ii.D. Pro feasor of Diseases of Children, N. Y. Polyclinic 
Medical School and Hospital. 
8vo, Paper, 107 Pagca 35c nel, 

KETTLE: The Pathouwy of Tumors. By E. H. Kettle, 
U.D., B.S., Assistant Pathologist, St. Mary's Hospital, and 
Asaistant Lecturer on Pathology, St. Mary's Hospital Med- 
ical School. About 240 Pages, 138 Illustrations. ..t3.00 net. 

LEWBBS : A Practical Textbook of thb Diskases of 
Women. By Arthur H, N. lyewors, M.ii. Loud. Senior 
Obstetric Physician to the London Hospital; Late Examiner 
in Obstetric Medicine at the University of London; Tlniver- 
dty Scholar & dold Medallist in Obstetric Medicine, London 
University, ete. 

With 258 Illustrations, 13 Colored Plates, 5 Plates in Black 
and '"/hit*. 7th Edition, 8vo, Cloth, xii-j-540 PageB.S4.00 net. 

LEWIS: Clinical Disobdebb op the Hkakt Beat, A Hand- 
book for Practitioners and Stndenta. By Thomas T.cwia, MJJ^ 
D.BC, F.B.c.P. Assistant Physician and' Lecturer in Cardiae 
Pathology, University College Hoapitol Medical School, 
Physician to Ou^Pntie□t«, Ci^ of London Hospital for 
Diseases of the Chest. 
.Ird Ed., Svo, Cloth, 116 Pages, 64 Hlustrationa. .*£.00 n«(. 
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LEWIS: Lectures on the Heart. Gomprinng the Herter 
Lectures (Baltimore), a Hary^ Leetnre (New York), and 
an Address to the Faculty of Medicine at McGiU University 
(Montreal). By Thomas Lewis. 
124 Pages, with 83 Illustrations $2.00 net. 

LEWIS : Clinical Electrocabdioorapht. By Thomas Lewis. 
8vo, Cloth, 120 Pages, with Charts $2.00 net. 

LEWIS : The Mechanism of the Heart Beat. With Special 
Reference to Its Clinical Pathology. By Thomas Lewis. 
Large Svo, Cloth, 295 Pages, 227 Hlus $7.00 net. 

McCLUBE: a Handbook of Fevers. By J. Campbell Mc- 
Clure, M.D., Glasgow. Physician to Out-Patients, The 
French Hospital, and Physician to the Margaret Street 
Hospital for Consumption and Diseases of the Chest, London. 
Svo, Cloth, 470 Pages, with Charts $3.50 net. 

McCRUDDEN: The Chemistry, Physiology and Pathology 
OF Uric Acid, and the Physiologically Important Pubin 
Bodies. With a Discussion of the Metabolism in Gout. By 
Francis H. McCnidden. 
12mo, Paper, 318 Pages $2.00 net. 

McKISACK: Systematic Case Taking. A Practical Guide 
to the Examination and Recording of Medical Cases. By 
Henry Lawrence McKisack, mj>., M3.c.p. Lond. Physician 
to the Royal Victoria Hospital, Belfast. 
12mo, Cloth, 166 Pages $1.50 net. 

MACKENZIE: Symptoms and Their Interpretations. By 
James Mackenzie, mj>., llj). Aber. and Edin. Lecturer on 
Cardiac Research, London Hospital. 
Svo, Cloth, Illustrated, zzii-f 304 Pages $3.00 net. 

MACMICHAEL: The Gold-Headed Cane. By William Mae- 
michael. Reprinted from the 2nd Edition. With a Preface 
by Sir William Osier and an Introduction by Dr. Francis B. 
Packard. Printed from large Scotch type on a special heavy- 
weight paper, 5% by 7% inches, bound in blue Italian hand- 
made paper, with parchment back, gilt top, square baek, 
and gold stamping on back and side $3.00 net. 

MAGILL: Notes on Galvanism and Faradism. By E. M. 
Magill, M.B., B.S. Lond., R.c.8.1. (Hons.) 
12mo, Cloth, 220 Pages, 67 Illustrations $1.50 net. 

MARTINDALE and WESTCOTT: "Salvarsan" "606" 
(Dioxy-Diamino-Arsenobenzol), Its Chemistry, Pharmacy 
and Therapeutics. By W. Harrison Martindale, ph.d. Mar- 
burg, P.C.S., and W. Wynn Westcott, m.b. 
Svo, Cloth, xvi+76 Pages $1.50 net. 
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MTNETT: Diagnosis or Bacteria and Blood PASASiTge. Bj 

E. P. Minett, m.d., d.p.h., d.t.M. and h., m.r.c.b., L.b.oj. 
AssiBtaDt Govenunent Medical Officer of Health and Bacteri- 
ologist Britiah Guiana. 

IEldo, Cloth, Tiii+80 Pages «1.00 net. 

MOTT; Nature and NnaTtiBK in Mental Devklopmxnt. Bj 

F. W. Mott, U.V., T.H.S., r.R.c.p. Pathologiat to the London 
Countj AeyluniB, CooBulting PbyBiciati to Charing CroM 
Hospital and the Queen Alexandra Mil i tar; Haapital. 
12mo, Cloth, 151 Pages, with Diagrams (1.50 net. 

MUBEELLr What To Do in Cases of Poiboninq. By Wil- 
liam Murrell, M.D., r.s.c.F. Senior Physiciaa to the Weet- 
minater Hospital; Lecturer on Clinical Medicine and Joint 
Leeturer on the Principlos and Practice of Medicine; Late 
Examiner in the Univeraitiea of Edinburgh, Glasgow and 
Aberdeen, and to the Royal Coilej];e of PhysieianH. 
11th Edition, 16mo, Cloth, 2S3 Pages «1.00 nrt. 

OLTVEB: Lead Poisoning; Fbou the Indtjstkial, Medical 
AND Social Point or View. I*cUirea Delivered at the Royal 
Institute of Public Health. Bj Sir Thomaa Oliver, M.A., m.d,, 
TM.O.V. Consulting Physician, Royal Victoria Infirmary, and 
ProfesBOT of the Principles and Practice □( Medicine, Uni- 
versity of Durham College of Medicine, Neweastle-upon-Tyne, 
Late Medical Expert, Dangerous Trades Committee; Home 
OfRee, Large 12mo, Cloth, 294 Pages $2.00 net. 

OSLER: Two Essats. By Sir William Oaler, u.d. Begiua 
Professor of Medicine at Oxford. 

Vol. 1. A Way or Life. An Address to Yale Studants, 
Sunday Evening, April 20th, 1913, ]0mo. Cloth. 61 

Pages 50e net. 

Vol. 2. Man'b Rkdkmption op Man. A Lay Sermon, 
McEwan Hall, Edinburgh, Sunday, July M, 1910. Iflmo, 

Clotfa, 63 Pagea 50o net. 

The Set Neatly Bound and Boxed $1.00 net. 

(A handsome presentation set) 

OTT: Fkveb, Its Thebuotazib and Metasousu. By Isaac 
Ott, A.M., M.B. Profeaaor of Phyaiolof^ in the Mcdico- 
Chirurgical College of Philadelphia; Ex-Fellow in Bioto^ 
Johns Hopkins University; Consulting Neurolo^st, Noms- 
towD Asylum, Penna.; Ex-President of American Neuro- 
logical Asaociation, etc. 
12mo, Cloth, 168 Pagea, Illuatrated $1.50 net, 

PAGET: Fob and Against Experiments on Aniuals. Evi- 
dence before the Royal Coramiaaion of Vivisection. By 
Stephen Paget, r.B.o.e. Hon. Secretary Beseareh DefenM 
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Society. With an iDtrodiictioQ by The Riglit Hon. The Earl 

of Cromer, o.m., g.c.m.o., o.c.b, 

8vo, Cloth, mustrftt«d, iii+a44 Pages (1.50 net. 

PEGLEU: Map Scbgue or thk Bensort Distribction or 
THE Fifth Nckvb (Tbioemcnus) with Its Ganglia and 
CoHNECTiON'8. B; L. HemiugtOD P^ler, M.D., ii.B.a.s. Senior 
Surgeon, Metropolitan Ear, Nose &nd Throat Hospital, eto. 

Mounted on Rollors. 4ft. 1 in. i. 4 ft. 8 in »7.00 net. 

Folded in Cloth Binder $8.00 ne(. 

BAWLING: Landuakks A^^> ScsrACE Mabkinqs or THK 
UuuAN Body. By L. Biithe Bawling, m.b., b.c (Cant.), 
r.B.c.s. (Lond.) Surgeon with Charge of OutPiitiontB, Late 
Senior DemoDstrator of Anatomy at St. Bartholomew's Hob~ 
pital; Lste A ssiHtant- Surgeon to the German Hospital, 
Dalston ; Lat« Hunterian Prof esaor Boyal College of 
Surgeons, England, etc. 
5th Ed., 8so, Cloth, 31 Plates, xii+96 Pages of Teitt.t2.00 net. 

BITCHIE : Aukiculas Fluttcb. By William Thomas Ritchie, 
ii.D., r.K.O.P.E., F.S.6.E. Pbydciau to the Boyal Infirmary; 
Lecturer on tlie Practice of Medicine, School of Medieino 
of the Boyal Colleges; Lecturer on Cliiiieal Medicine in the 
Univenity of Edinburgh. Large 8vo, Cloth, iii+144 Pages, 
31 Platefl, 107 lUuatrationg $3.50 net. 

VON RUCK aud von RUCK : Studies in Immunization 
AQAINBT TuBERcuLosrs. By Earl von Ruck, m.d., and 
Silvio von Ruck, M.D. 
8vo, Cloth, about 440 Pages (3.50 net. 

RUTHERFORD; The Ileo-Cecal Valve. By A. H. Ruther- 
ford, «.!>. Edin. 8vo, Cloth, 63 Pagei of Teit, 23 Full Page 
PlateB, 3 of Which Are Colored (2,25 net. 

8AALFELD: Lectuhes on Cosmetic Tbeatment. a Manual 
for Practitioners. By Dr. Edmund Saalfeld of Berlin. 
Translated by J. F. Dally. M.A., M.D., B.C. Cantab., 
M.K.C.P. Lond. Physician to the St Marylebone General 
Dispensary. With an introduction and Notes by P. S, Abra- 
ham, M.A., M.D., B.sc, r.B.c.s.i., Surgeon for, and Lecturer 
on, Digeasee of the SkJn, West London Hospital and College. 
Late Surgeon to the Skin HoBpital, Blackfriars. 
12mo. Cloth, iii+186 Pages, Illustrated $1.75 n«t. 

SCHOOL OF SALERNO. THE: New Edition, Edited by 
Drs. Osier and Packard In Preparation 

SCOTT: Modern Medicine and Some Modern Bemsdies. By 
Thomas Bodley Scott, with a Preface by Sir Lauder Brunton. 
8vo (1.50 n«t. 
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SCOTT: The EoiD to a Hk*X.thy Old Aqk. Esaa;* by 

ThoinaB Bodlej Seott, «,d. 

12mo, Cloth, 104 Pages ..Jl.OO net. 

SENATOR and KAMINEB: Makbiagb and Dissasi. Being 

an Abridged Edition of "Health and Disease in Relation to 

Marriage and the Married State." By Profeasor H. Senator 

and Dr. S. Eaminer. Translated from the Oerman by J. 

Dulberg, M.D. 

8vo, Cloth, 452 Pages »2.50 n*(. 

BMITH: Some Coumon Reuedies, amd Tbeis Ube ik Pkac- 
TiCE. By Eustace Smith, m.d. Fellow of the Hoyal College 
of Physicians; Senior Physiciaa to the East Lomlon Hospital 
for Children; ConsuUing Physician to the Victoria Park 
Hospital for Diseases of the Chest. 
8vo, Cloth, viii-i-112 Pages tl-25 net. 

SQTJIEB and BUGBEE: Manual ot Cystoscopy. By J. 
Bently Squier, u.d. Prafcssor ot Qenito-Drinary Surgery, 
New York Post-Oraduate Medical Behool and Hospital, and 
Henry G. Bugbee, M.D. 
8vo, Flex. Leather, xiv+117 Pages, 26 Colored Plates 83.00 net. 



STARK; The Growth and Development or the Baby. A 
tabular chart, giving the result of personal observation, veri- 
fied by authoritative data, as to development, weight, height, 
etc., during the first seven years. By Morris Stark, k.a., B.S., 
U.D. Instructor of Pediatrics, New York Post-Qraduate 
Medical School, etc. 
Heavy Paper, 20 by 25 inches 50c net. 

STEPHENSON; Etb-8train in Evbby-dat Pbactjce. By 

Sidnej Stephenson, M.B., c.u. Edin., D.o. Oion., p.K.c.s. Edin. 

Ophthalmic Surgeon to the Queen e Hospital for Children; 

Editor of the Ophthalmoscope. 

8vo, Cloth, i-(-13B Pages $1.50 net. 

STEPHENSON: A Bevibw of Hormone Thebapy. 1913. 

8vo, Cloth, viii-i-170 Pages »1.00 net. 

Bound and interleaved edition of the famous "Hormone 

Number" of the Prescrider (Edinburgh). 

SWIETOCHOWSKI: Mechano-Thkrafbotics in Qenbbal 
Pbactjce. By 0. de Swietochowski, m.d., 11.&.0.S. Fellow of 
the Royal Society of Medicine; Clinical Apsistant, ElectrinU 
and MsEsage Department, King's College Hosp, 
12mo, Cloth, »iv+141 Pages, 31 Illustrations (1.50 nol. 

T0U8EY: Roentoenoobaphio DuaNoais of Dbntai, Infso- 
TLON IN Systemic Diseases. By Sinclair Tousey, a,m„ m.d. 
About 72 Pages and 70 Illustrations $1.50 net. 
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TURNER and PORTEB: Thb Skugbapitt or thi Acces- 
80BY Nasal Sinubcb. By A. LoKan Turner, iiJ>., WACBX^ 
p.R.s.E. Surgpon to tbe Ear aud Throat Department, the 
Rojal InSrmaij, Edinburgh, and W. O. Porter, itj,, B.sc, 
F.B.c.s.E. Surgeon to Eye and Throat Infirmary, Edinburgh. 
Quarto, Clotb, 45 Pages of Text, 39 Plates (4.50 net. 

WANKLYN: How TO Dugndse Smai-Lpoi. A Guide for 
General PraetitioDerB, Poit-Oraduate StudentB, and Otheii. 
By W. McC. Waoklyn, bjI. Cantab., u.b.c.b., L.a.c.P., d.p.h. 
ABBietant Medical Officer of the London County Council and 
formerly Medical Superintendent of the River Ambulance 
Service (Smatipoi). 
8vo, Cloth, 102 Pages, Illustrated (1.50 net. 

WATSON: Gonobrhcea and Its Complicatiohb jn the Male 
ano Female. Bj David Watson, m,b., cm.. Surgeon, Glasgow 
I«ck Hospital Dispensary, Surgeon for Venereal Dteeases, 
Glasgow Ro;al Inflrmary, etc., etc. 8vo, Ctotli, 375 Pages, 
72 Illustrations, 12 Plates, Some Colored (3.76 net. 

WHITE: The Patholoot or Ohowth. Tuhoubb. By Charles 
Powell White, if.c., rx.c.B. Director, Pilking^n Cancer 
Beseareh Fund, Pathologist Christie Hospital, Special Lec- 
turer in Pathology, University of Manchester, 
fivo. Cloth, xvi-i-235 Pages, Illustrated $3.50 net. 

WHITE: OccuPATiOMAL AjTBCTIONS ot THE Bkim, A brief 
account of tbe trade Processes and Agents which give rise 
to them. By P. Prosser White, m.d., Ed., u.a.c.s. Lond. Life 
Vice-President, Senior Physician and Dermatologist, Koyal 
Albert Edward loflrraary, Wigan, Vice-President, Assoc. 
Certif. Pact. Surgeon; Life Fellow, Lond. Dermat. Society. 
Svo, Cloth, 185 Pages *E.OO nrf. 

WICKHAM and DEORAIS: Radiuu. As employed in the 
treatment of Cancer, Anglomata^ Keloids. Local Tuberculosis 
and other affections. Bj Louis Wickham, m.v.o. MMecin 
do St Lazare; Ei-Chef de Cliniqiio i L'HSpital St. 
Louis, and Paul Degrais, EX'Chef de Laboratoire i L'HOpital 
St. Louis. Chefs de service au Laboratoire Biologique du 
Radiunii Laureate de L'Academie de M£ilecine. 
8to, Cloth, 5.1 Illustrations, viii+111 Pages (1.25 net. 

WRENCH : The Healthy Mabbtaoe. A Medical and Psycho- 
logical Guide for Wives. By Q. T. Wrench, M.d,, b.8. Lond., 
Past Assistnnt Mnster of the Hotunda Hospital, Dublin, 
evo, Cloth, 1+300 Pngea *1.50 net. 

WRIGHT: The Unexpuboatsd Case against Wohan Bcp- 
rttAGE. By Sir Almroth E. Wright, U.D., r.B.s. 
8vo, Cloth, xii+188 Pages (1.00 net. 
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WBIGHT: On Phabmaoo-Thkbapt and P BCvmN T ivE Inocu- 
lation;. Applied to Pneumonia in the African Native, with 
a Discourse on the Logioal Methods Which Ought to Be 
Employed in the Evaluation of Therapeutie A^nta^ ^7 
Sir Almroth E. Wright, MJ)., rjt.8. 
8yo, Cloth, 124 Pages $2.00 net. 
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